Adaptive modulation coding equipment for mobile communication system and method thereof 



Patent number: CN 1469662 (A) 

Publication date: 2004-01-21 

Inventor(s): INTAE HWANG [KR] + (HWANG INTAE) 

Applicant(s): LG ELECTRONICS INC [KR] + (LG ELECTRONICS INC) 

Classification: 

- international: H04B14/04; H04L1/00; H04B14/04; H04L1/00; (IPCl-7): H04B7/26; H04Q7/20; 
H04Q7/30; H04Q7/32 

- european: H04L1/00A1M; H04L1/00A5; H04L1/00A8; H04L1/00B7V; H04L1/06T7K 
Application number: CN20031049138 20030618 

Priority number(s): KR20020034025 20020618 

Abstract not available for CN 1469662 (A) 
Abstract of correspondent: US 2003231706 (Al) 

An encoding method in a mobile communication system is provided. The method comprises selecting at 
least one adaptive coding rate and at least one modulation method according to estimated forward 
channel characteristics for a plurality of transmission antennas, based on BLAST-decoded signals 
received from a plurality of reception antennas; coding and modulating a plurality of transmission signal 
layers generated for transmission by the plurality of transmission antennas according to the selected 
adaptive coding rate and modulation method; and transmitting the plurality of transmission signal layers 
to the plurality of transmission antennas simultaneously by way of V-BLAST-coding. 
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U ^'J ^ ^ ^ 



1. — i+^^3t#m^6<ii3S/ST3^y^«^(AMC)^^, T^^^-a 
5 AMcgii&m, nm^^^^m^^m^m^m^m:^ BLAST m 

mmi^^^i^Wi^j^mRmm^mmmmmMM, ^ma: blast 
10 ^^5i€ffiaiit^^Hi^Ht:^*fiij^^:^it^^o 



2. m^^^JH^ 1 Bfa^fi^]^^, AMC ^il^C^^-a®^ 



15 3. *gig^flJ^^2ff32&6<J^#, ^l', AMCSi|$[tL^^: 

BLAST 'SXvfjiil^^^ilJC^gl^iBCStjglii^J^-^jttT 
BLAST ISSi, W^nM^m.^WMm7t', ^J.R 

mmtif^, ffi^iiii^ffi^it^^iatf blast mm^^jt, 
20 aii:^i^^^3i€f*ititriR]^3t#i4o 



4. *gli^^J^^3^]^fifl^^. i^^Ci^g^^-i^-a^S: 

#'l4*#S«A?i^:;^^,^*glgl?T^:^^.mii:^l^^^^^*g blast 
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u m m m =^ m2/3M 



5. mmumm^2mm^'&L^. k^-, 0?^^ AMc^M*imfi&: 
Mcs mmm^. F^^mmMi^:^M^mi^i-\'mmmnm^^, 

BLAST ^ibs^-Tt, m=^M.^ BLAST ^n^n^^mnMrnTtmu 

15 fe: 

MMTi^^m^^mi^^m^^mn BLAST jiSSi; 

itii^ffidamM^^^^f BLAST mmmmTt. M^t^^M^m.^ 

^'itmm^:kMmWimn v-blast mm^ 

^^m\^mmm s^Ryf:k'f'm~mm.H.mn 1/3 ^s^m^ip qpsk 

30 
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u m m m =^ m3/3M 



5 ^m\^mm.m snr :^^bT-m = mmm. 2/3 mm^mm 

16QAM :5"v£o 

10 

10. umum^m 6 ffMS^:^^^, ^4^. ^i^^^^ffife^^iSffi 

11. mMfe^Jil^6^^fi<j:^r?i, ^4^, 0fife blast 

20 12. m*g*l^J^^ 6 0fi&6<J:?r?*, K^'. ffii V-BLAST ^5^^ 
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i5t m =^ 



Bi/im 



5 StH:^^ 

^m.mmi^mmiAMC)^^^i^: amc g^iBcti lo, fflTMii^j 
Mm^m^mnmiMmmmi uJisas^ig amc mitm 20, 

25 ^ amc ^life;^. 10 -a^g: '^itfeitu 12, fflT3i3±^^fflaa^ 

^it^it'tt; 13, m'f-mm^mm.i^if^ 12 4^feitwitri^ftit 

14, ffi^ xt^Mi^it 13 ^mi^mm^mmm'ifi^m.^mRi 
30 iii.jiji?5iis 15, ffl^)?t;^#it*^^^ umm^^^mmmnmmo 



5 



03149138. 3 



AMC ^Itm 20 -e.^g: MCS ^SlJi^#:^ 21, ^^*g$gM AMC 

10 MM^m\^mMmm^7&m mcs ^^J: 22. 
mmJA AMC 10 MCS ^»J^^i6<I^^^i^3^*x^:g:l^iS[ 

5 «aa^f^5i; mm^^s^ 23, ^^tS^ MCS ISSU^X^^Elililt 22 

^mm&^:^Mmmmfmm^m; urmm^ 24, ^^m^g mcs ^ 
10 AMC giii5c^ 10 ^^^^^r^^^n, m AMC ^^ittn 20 

MCS m^ij3t#o #^^JSpr*s*gttTf6«ifr[^^it6ti SNR *a 

15 fi^MCS ^RTjiatfiiJSi^fitlSiS. 

20 mi ^diT— SNR(^iStI:)0j5iJ6<Ii|!i5T^5ii^^P#ti:* 

5i5?sf#Mcs WLmmi^^mm-^w^o 

S^it SNR :1^/JnT 3.25dB 7.25dB Bt, 213 Wk^ 

M^-q?sY.mm^m^mMUijmM.^m^^±m^ 1/3 ^i^m^- 

25 QPSK Ti^J;^r?*;^, ^^V, ^^it SNR 7.25dB 9.25dB 

H^, 2/3 ti5i3t¥-8PSK(;fB^li^$)T^$iJ^?i;i,WW#ti:Sbl: 2/3 
jH^-QPSK li^J:^rv4:^„ ^^it snr ^/Jn^ 9.25dB B^f, 2/3 ^5^31 
^-16QAM(iE^i|i;Sll^iJ);5'yi;i:W6tl#ii±Sbl: l/3 ^S^jI^-QPSK 
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Hitk, ^#51 SNR ^^^CT 3.25dB H. 1/3 lifiiit^-QPSK 

MM^'ii, ^#31 SNR^/Jn^ 3.25dB #:^;>C^ 7.25dB B^, 2/3 
^fliil^-QPSK Ti^J:5r^, ^^it SNR 7.25dB ^^f^:^^ 9.25dB 

Bt, 2/3 ^fii3g^-8PSK l^^J:;^?*, ^-^it SNR ^^b^ 9.25dB 

5 Bt, 3£#2/3|S«iit^-16QAMi^$!j^^*o 

@ 3 Jt^tB#MS 2 m MCS ^^iJfi<I^o 

$P@a 3 MCS 0SlJ 1 1/3 ^5i]^^-QPSKT^f!l:5r?*, 

10 MCS ^5lJ 2 2/3 t^5i3i^-QPSK T^^J:^rJ*, MCS m.^\ 3 2/3 

mmi^m-spsK tmm:^'^:, ^jr mcs 4 2/3 ^C^m^-ieQAM 

15 atriJiHJo 

AMC^iBC^ 10 6<J^iIttit^ 12ilil<M5|€i^iBC^^ 11 fi<J^ 
S1Silja3!* a<I AMC aiif;^ 2O0 

20 

AMC ^^iSl 10 e<l)il?i^« 14 migteitfl<lliriR]^it#14*^i!l«? 

ft-tsii^fgit^^^Ki^ 14 mm^^ 15 ^Mfi^o 

25 ^ AMC ait^W. 20 ^iBc;^ AMC ^^iSl 10 ^Itfitl MCS 0^Jfft , 

AMC 20 e<i MCS mwimn^ 21 migfri«]^it#tt5i5i^#m# 
MCS mm, ^fim^ffj^etj MCS ^su^i^x^HirfRi'fsitatf^s^^ ^tm 

30 AMC aittfL 20 22 MCS ^^ijaUJi^afi^iil*^ 
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mmmfinm^iR, ^^i^fij^mig mcs mimm^mMyfrn^m 

5i7G)o 

5 

mo 

10 ^M. ^515^ AMc :^M^^m:km^mmm^muy, ^mm 

^^^mM^m AMC ^^&^;^iio 

20 ^j^M±mum, m^:^:^m^~^^mm.mMmm amc ^ 

AMCg^HJc^. Kx^Jl^g^^'^iBcX^fi^i^Jl^c^^jS^f blast 

25 ^^M^-^^it^f^«^^Oi^^J. ^Mil BLAST ISfi^^MaM^^MI^l 

mmm(AMC)-^'m,^i^:Mmj±^^m^^mm^^ii^mn blast 
30 i^fi^; aai^^aii^^it^^^it^f BLAST mm^mTG, mm^M^ 
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5 

10 ^PftS + T 

m 2 ^i^rmmmm^ snr mmn^ mcs ^sijfi«ifflffi)^# 
m 3 ^^fcbmffi MCS 

a 5 mtiiTmm^nm&^ d-blast imMmm^m^mff:^'^', 
m 6 ^iiijmmM,'^^^:^m^m^ qpsk '^^^m.m blast 6<i 

m 7 ^tBTm^A^ra-i^mit^^w QPSK blast m 

20 T^«^tttE; 

25 

^ BLAST ^, ^^^^Rmnmmm^nm, ^:^^xm^n 
30 ^mmmum^, -^i^iimiMmm^mM^nMmmmmu^mm 
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BLAST W.^^ D()?t^)-BLAST ^ V(Sa:S<I)-BLASTo 3SW^ 
BLAST Xr|-ScM:^lt^^ifi:e)li^^Afi«iai^?SS[Jg^|WIiffi^|l|Ht^ 

J$(.^^, iPMo D-BLAST V-BLAST :tfH]6<]|E5lJJt^^ait#M6<] 

ffl 4 ^{li T D-BLAST #ir^^S<i^Ett^f^:5rSo 

10 

D-BLAST ^^mMmm^^~^M^mmm^:&mJA^-mm 

m 5 ^r^tli T v-BLAST ^m^m^^M^^i^:^f^o 

15 

V-BLAST #^m^il3l#^E*j-^^*ait#M6<il5c«o Sitb. 

#^Bfitli(ig^EB>J-S$fi^± (spital and temporal axes) ;BrWlli:?I^J^o 
@ 6 ^mT«^g:ir^M^^M^^6<J QPSK ■t-fi^lMffi BLAST 6<J 

'Kffi BLAST 6«]@i}5cm^nT3lil'Kffi^^ ZF(it#)> MMSE(ft/h 
30 S 7 ^£t}7migAW0^aiif^^fi«J QPSK BLAST 6<It^$^ 
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im±mm, ^ BLAST 4^, ^mm,7t^^^m^mAL:^mmit^ 

5 

^rmmmmim^R, m^ta-nrn'r-m amc 
^ BLAST mnm^, ^mm blast m^^^m^^^m\^mm.m g 

10 \^rm0mmm, M:^:^mm^^mmmmmmo 

m 8 ^^inum^^m^^^^^^m^ amc ^^mf^m^m 

m^m, 100, fll^ffia^«!la^l^'^^l|^^^^ no ^»{i^fi<j^»i^c^^, 

m-, ^j.R^^ AMC ^itm 200, ffli^migsi^fitiitnR]^ii#i4, a 

Mcs m.Wi, ^m.'^u^m,Wi^m^^^Wimm. 
20 mig MCS mm, m.^ikM^i^^yii'^MWLmmi^^mm'^m, ^le 

AMC m^m. 100 l^^-am^^^^^l*!, AMC ^^m^. 200 

25 

AMC 100 ^^g: BLAST 120, ffi^ail^^fflSil 

, iiii^it^^xij-rf^ia^f blast m 

fS3tttitl§ 130, >^^3l5H^ffl>^ BLAST 120 2irm6^«^7C, 

m5i:^i^^^^feitHiri«]#5t#tt; is^iiis mo, m=f-um^mm,i^ 
30 tm§ 130 ^'ttTheKimriRi^it^'tt^^iJiiT^^^vi, ^Wimmmiim, 



11 



03149138. 3 



min^m^m^MM^ blast ^5^^ 120 ^mTumnrnm-, mm:^ 
150. mi'M^RM^m^^^mmm 140 ^miMmmmmn 

5 

AMo^muioo^^: Mcs mmj&nmiio, m^umJAAuc 
m^m. 100 ]§,^&^m\^mm^^^mn:^m^m^ mcs mm-, 
s 220, m^mmmm^ mcs mmt^^^mmmm, m^it^M^m 
mm^mmmmnmrn; mm^^m 230, m'f-mm mcs ^sy, a 
10 7t:RM%m^M^mm^ 220 ■^'i^fi^fi^j^Mife^a^f^it^^i^x; i^fj 
i§ 240, ffl^mig mcs ^5iJ6<iffi^i^*ij;^v4, m.it:^m^m^M)A 
mm^tm 230 irtfcifi*j:^M^igiS4f i^fij; im^ blast 250, 
ffiip^e^i^^im 240 ^mm^^m^mmTu^'^^^m^m^^M^m 

260, !^Jl^S^>f#^^7n:&^Bt$ft^±AWSSJ^^o 

15 

mcs mmmn^ 210 w-a^^^^^w amc 200 

^^^6<J amc 100 rto ^ mcs 210 nT'SS^^ 

^b^^fitl AMC ^iBtm 100 F«3Bt, ^^^^W AMC g^i|$cm 100 

mmm\^mMmM^mnRM^m^M^ mcs ^^u, ^^e^j^eti 
20 MCS mms.mmmi(^o :&:$i!km^^mmm^ . mcs mm7kn^2io 

AMC 200 1*1 , 

^mm:^um^^m^^:kM^m 250 si^iac^^ no e^i^^ii 

it, MJ.'&pr^^^l^ MCS m^m^m MCS m^S^o 1^ AMC ^^rT 

30 
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Mcs m^m Mcs mm^m^m^ amc :^mm. 200 6<j0f w 
^M^^ 250, IP: mum.m.mmmm:^m^mmm^tisi^mm.^ +s 

MCS m^^^ MCS 0^iJiSffi^ AMC :^<tm 200 

^^250, BP: l^^-I^MCS «lJiS^^ ^-t-ltriPj^it o 

5 

MCS m^^, m^^miff.'^^m\^mMm^^mmRM 
imm^mM^^&i mcs msij^^sy^j.^. mm, mn^j^nmrnm 
i^^mm\^m^^^^ mcs m^ij, ^ne^mTki^ mcs msij^iHus^^ 

10 

^Rmt^ummmm\^imm^inmmm^j&^n^ MCS mm, 
^^e«-^Mcs ^»ji3dffl^^^iiriR]^3tc 

15 \^:xy:^Mum:^ummm^i^m^m^ amc ^#6<j^f^ia^fm 

1^ AMCm^Jt^^^^^^P*i«i2,fS]|ilBt^i^&tl . 
20 AMC ^iBcm 100 ^ BLAST 120 ^Em31^'^^llfe^^ 110 

25 

AMcm^^ 100 mmMi^Ttm i3omjt^m}ABLASTmm3 120 
100 !ef*it6tjfriR]#Ji#i4&itiijs^6*i AMC !^mu 200 <. 

30 AMC gliBc;^ 100 ^MtM^ 140 It^gft^itteitll 130 ^'feitW 
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m HJ ^ BlO/UK 



itnM^m^M^u BLAST 120 ^mTtm^ifmm^ m.vt'^m 
^^mm^mTt^miikMitmm^^^R^ iso mmm^ leo mw.m 
mo 

5 

mm, mt^m amc ^mm, 200 mmJA^^^m&m^mi^i^m. 
Mcs msijo ^ij^p, Mcs ^^4^, AMC ait 
m 200 m*i>iia^^ec6<jfrin]^it#i4^5^#^^ mcs ^^j, ^mm 
mm MCS mm^mmm^m'^mHmm.o ^^^.^mcs^js^^". amc 
10 aitm 200 3^#w^^^ttr[ni^3t#'i4e<is# MCS mm, ^^e#4* 
MCS mmmm'pm^m^mm.o 

it^, :fi^MummHmm<i^^m MCS mmm:^mmm$imo 

15 #MPftffl2^3, ^llriRj^itfitl SNR^3.25dB~7.25dB etllgllP«3 

Ht, 1^ MCS mmmnm 210 mcs ^^j 2, ^iirini^ite^i snr 

7.25dB~9.25dB 6<]?aSf*lBt» MCS 210 MCS ^^'J 

20 amc 200 6<j|^5ill 220 ^^:^M^^m3l5)?f'f#^f[iga 

mta, ^mmms, ^it#Mcs mmm, amc :aif m 200 
ife^:§s 220 mcs mmi^mmm.m, M^m^^m^mmvtR 
25 M^m^:^Mmm)mnmm, mm^^m 230 mm mcs mm 2, a 

il:^lhf^^5}5Xiri^fii6<lEMIfi[|ga^f^it!S£^, ^KMi^m 240 

mcs 2 &<ji^$ij:^r?*(QPSK), ffiji:^it5^^^5M-'^it^^Na^:^lt 

30 blast ^a#-7G 250 aSi5t:^lt^^*JEmit5^7C^tT5^M5iJ^ 
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m HJ ^ Bll/UK 



mfmm^mm<^^^mnm\^mm^ mcs ^^o, m^mm&jm\^ 

10 

S 9 7«^*:^Hje<]^^il<S^^6<J AMC i^^^m^o 

m.m^m^uM^m^^m'^m amc mm:^:^m^ amc 

aig:*::^BJifiti AMc^#6<i:^lt14^$ii^fiitj®:^o 

20 

^§{J^^I*1; M3i^5ia^il$C^^^^^^^^i|$C6tl^-^3atf BLAST 

mm. m.Tt^^m^mmmfmi^mm.^^t mmm-\-&im\^mm.^^ 
^Tk^Mf^mm,mm^ mcs mwi-, ^m:^m^mwiMmmJAmt^n. 
25 *fiii^^^^6<j:^*fifi[igiatTiisaffl! mi^mm^ mcs ^^y, mii 
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i^^ m IS 
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m =^ m m m2/8M 
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m =^ m m ms/sm 
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m =^ m m mmM 
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m =^ m m m^/sM 



16 



1 .OE+OO 



SER 



1.0E-01 



1.0E-02 



1 .OE-03 



1.0E-04 



1.0E-05 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

SNR 

BLAST SERtt^CTx^^Z, QPSK) 



20 



03149138. 3 



m =^ m m mg/sm 
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isi. m m m m/sM 
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m =^ m m ms/sm 



#ti:a:(-=f) 



-5 -3 -1 1 
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Base station device and paclcet transmission method 
Patent number: CN1537371 (A) 
Publication date: 2004-10-13 

Inventor(s): KATSUHIKO HIRAMATSU [JP] + (HIRAMATSU KATSUHIKO) 
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Classification: 
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Abstract not available for CN 1537371 (A) 
Abstract of correspondent: US 2004196801 (Al) 

A service kind determining section 152 determines a service class from service information included in 
the header of transmission data of each communication terminal apparatus. A maximum retransmission 
number setting section 153 sets the maximum number of retransmissions from an allowable delay time 
allowed in each service class. An MCS selecting section 154 decides a communication terminal apparatus 
that transmits a packet based on a report value from each communication terminal apparatus, and 
outputs information indicating the destination apparatus to a transmission queue 156 with reference to 
a determination result of a user determining section 151. Moreover, the MCS selecting section 154 
selects a suitable modulation system and a coding rate from the MCS selection table 154 based on the 
maximum number of retransmissions of the destination apparatus and the report value, and outputs 
information indicating the selected modulation system and coding rate to a multiplexing section 157, an 
error correction coding section 158 and a modulating section 159. This makes it possible to decide an 
optimal combination of the modulation system and the error correction coding system. 
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U ^'J ^ ^ ^ 



mi/iM 



Sit; 
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i5t m =^ 



5 

ii^t i^i4^M#iir6^T^t^it^M#ife-:^ iC. (HSDPA^X ^ 
(Round-Robin Scheduling) 
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m =^ %2/m 



i(h Web ifei:*i-6^^-it^ilBtfH]ife-^. 

m 2B A^L-ij^^^^^i^m 1 ^^j^M^j: mcs it#^t 6^ i*i ^^^j- 

20 m 2C ^-if^J^^J^^i^m 1 MCS ii#^t 6^ 1*1 ^6^- 

m 4A ^:5fe'^'J 2 MCS ii#^t 6^ i*l 

25 S 4B A.4L-if^^^^^^m ^^^'i 2 J. MCS 1 6^ f*] - 

s 40 A^ij^^^^^^^m ^^^i 2 j: mcs 1 6^ f*I — 

30 *^*:^fe;eri(. 



4 



03800720. 7 



m =^ ms/iM 



( m^^'] 1 ) 

A^^^n^^^^'l 1 '(b) lijit-ft^sS^^X^^ifi^^iS'JT 

^^101, ^^^102, 4^*1^ RF^ 103, )^T^^104, 114^.5^^105, 

^/'■^'J^-^ 151, nt^^M^^]:^^ 152, i^^iiL^^lfciS:;!-^ 153, mcs 

(Modulation Coding Scheme: 'mM:^K-^^']^^^^^S.'^) it^^ 154, 
MCSi^#4.155, JSliUPAfiJ (queue) 156, ^^-^157, i?\^i^^4^ 15B, tM 
^XAiLilRF•^ 160. 
15 ^.^ai02#*i^^ 101^iiiL6^>ft--^%ii{f>m»|4LRF'^ 103. .?oJL, 

^ 102#^jSliliRF-lp 160 % A ^'f^-?-^!*?;^^ 101 it^f^^^^. 

RF-#|5 103 H 102 ^t^^M^-^H^^t^^^^^if^^^ 

-ft-t, ##^*^tfcfm^^ 104. 

i5:^-^i4#^^it^t6^it^t^5^*j:^B|5)^J:6^)if-^-fl5 104 ^P/fmtt,^ 
20 .^.^'ft^ii^/iHFi^^^S, #*^it!5lJ^H#)^>5%^ 105. ik^^Mmf^Hii^it^ 
it^if sSfe^X^Nl ^ ^1 ^Ji^.fi^'tp 105 ^ftJ^i^-ft-t J'bCViterbOt^^ 

^.^i"^H#Jif>S%^3£, :?f*^rfjfj^^-ipi06. 

iit^4ia:#;5L^jt^6^it>fr^^^i;<=BI§l^t6<r^^-ip 106 JA.it^x^^t^ 
ACK^ff^iS^.NACK'ft-f-, ##*#rit5fJ ARQ4^W 107. ISJN", 
25 106 >^)^>!^'ft-^t^S5lg.^<t» ##^^ibfJ MCS 154. ^/fiid^ ACK ^ 

30 Tt^4-<i4t-»FCIR (Carrier to Interference Ratio: ^-=pj:b). 

^ii-A^^f -f pI. ACK 'ft-^-Bt, ARQ 107 5it MCS 154 A^it 
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MCS it#-^P 154 ;5L;^illPA^'J 156 
5 ^*ii-ib$»lMCSil*Mp 154. 

10 t:j^J^48tt5L^^ 1 5 3 ^^^sk^^Pfr!^i^^ m 

^4-^it^^J^^X^I«T6^it^^t-tfi^^ii€Btf«T (Round-Trip Time: RTT ) , 
154. 

MCS 154 ^^/^^A-i^'iti^^^JL^M^^^^i^^^^^^S. 

15 6^it^t^Jife^5. (JviT'^i?;^ ), ^^^^/^'J^^ 151 ^^'J 

^^^#^TF;^i^il#^1.6^^t4#rfch5'j^iiiPA?'J 156. ^'Jrfco: ^^;?|^;IlC 
/I ?^6^'H|-/XT, MCSi^#^ 154#CIR^;»^6^it'ft^^^3:^^^^^iii@# 
^5.0 fliJL, MCS 154 #-^iLi^iI#^3.6^^^*^ifc^-^l^^m, 

20 :5riC;5L^>«^4^6^>f|-.|:i^ifc$iJX>^-^ 157. ^H#^>fi%-^ 158. k;<;S.i«^J^ 159. 
i5 ^h, MCS 155 1 6^ »*3 MCS 154 Hik^^^T^^] 

j^iiiPA^'J 156 * MCS 154 ^>^^g^6^ilill9 #^i;^0^6^lfc 

itH, ARQ^f'J^ 107 ^4-^i^#f6^>4gt^^'hfr;XT, ^i^FA^'J 156 

25 ^#*f^4&^iliS'JXJ?)-^ 157 6^[i]at#^i4##^. 

,7o.^E.^ ARQ ^p]^ 107 ^4-**r;Slili4gi:^6^'^^<JLT, >^iiiPA^O 156 
6t>4Stlt*^rfifllX^-tpi57. 

X^-lp 157^#7JS«t.iliFAf'j 156 4l^ili6^lt#k:^MCSit#^ 154 d^^-ij: 
^^*|>5riCJSL<fci^i^d^^4-^i#X^. iH4t*fe>«i%'*P 158 #-4*^ MCS 154 
30 i&#6^ll^J^>?riC5it^>^-*P 157 6^%*^-f-i4:#*H#*lfe^*tS, #%d4fJ^#'J 
•Ip 159. ^^J^ 159 MCS 154 it^^T^M^^^T^M^^^^^ 
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•#15 158 6^1^ A 'f*-!-, ^#^#-iijf'J;^i^RF-#p 160. 

XiM, RF 160 #*i^^J^ 159 i^ihd^F^'f 4St^'ft-?-^^^;?b^M^'ft 
-t, ##*%itii'J*^^ 102. 

. MCS 155 MCS 154 

S 2A> 8 28. S 2C#>h4fp4.^TF##^MCSi^#^l55 +6^n*|^6^^- 
>^'^?'J-f•6^S. 2A. g 2B. ®2C^/f7fr, MCS 155 *;^<fc#t 

6^ CIR MCS ^faI6^i^a^,f^, S 2B ^^^^^ 6 6^'*/X.T6^ 

10 CIR 4 MCS ® ICS^Tf^J^^^'^Xif^^^ 2 6^'f-fiJLT6^ CIR 

4 UCS^m^^M^^-, ^^Y, -^S 2A, ® 2B. ® 2C t» QPSK> 8PSK. 16QAM. 
64QAM^7F-t»3#J^iC., R^-!F^>^#-. 

^^h, >^L— 45t6#!+j|-^JLT, *^CIR?^i^, ^aJL 

^^4-^,!S«^ii.'ft^^^S.6<|:^^*iL^#L#t^ '6' , J«!>J MCS 154 2B 

^ MCSii#^155 ti^#CIR:5^7 '7dB' Bt&fj MCS, '16QAM, R=3/4', ff- 

#4.^^^ii#6*j-^^^J^i^^^>5^#-6*i>ft:4^ibfiJ^;?l^ 157, 158 
159, 

( ^;5fe'^'j 2 ) 

25 ^^;?lHfl6^^;5fe^-J 2 ^-f-J^ '( c ) ^T-^'jt^ Ij ii-'ft^^^J.^^m^, 
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^fjJL, ^S3 6^^ii«t. MCSil## 302 St^J^I^g 1 ^MCSi^# 
^ 154 A^-ft^^r^ls), MCS 303 ^^^4^ 1 6^ MCS 155 

# SIR ) ie#J^bi^. 4PJ-#l^bi^^^, >|5E.«'J^6^^»|t^*i^:»;.6^'HS'/XT, ii^ft 
iZr, m.^^^^^M.^^^^^M.^i^^^^iM,^Jj^i>^'^^> Mitt, 

MCSii#^ 302. 

15 MCS il*Mp 302 ^^4~^ii.^t^mi^M.^^^i^s^/^±^^:^^i^n 

^S., ^4^^^^ilii#^5.6^'ft4i^ii{5'jJLi^FA?0 156. ^^h, MCSi^#^ 
302 ^fL^^iM^n ^if^M.^^^-tXit^^^^^^Jt^^ ^ MCS 303 

.lr%ibfJX^# 157. i^^m^^ 158 ^i^^J^ 159. 
20 ;^:^h, 4A. S 4B. @ 4C J?^-*^, MCS 303 ^ilifc^^ 

# Ptrans/Ptarget ^ MCS 4:.fB]#*rxt;^^^. ® 4A ^^^ig.^ i 

10 d^-Ht-z/LTd^ Ptrans/Ptarget ^ MCS ^r^Jd^^xj-;^^^, , @ 4B ^-n^^^^ 
tX^^lfcit? 6 6<f'lt?>LT6^ Ptrans/Ptarget M MCS i^faj ^ , S 4C ^ 

2 6^F'M;XT6^ Ptrans / Ptarget ^ MCS ^fa] ^ . 

25 Ptrans ^i^j^iil^^^, Ptarget 4-"^ 

;^^h, ^ '(a) ^^^i^^^s,mf^m'nm^s$^^/^i, iit^^it 
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;2^iXa^45^i^ 2002 ^3/l 22 9 t-*6^ (9;^) 2002 - 081271. ^ 
10 F*3^^^&^i^jtb. 
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(57) An Ortliogonal Frequency Division Multiplexing 
(OFDIVI) receiver (1 0) that detects and corrects a carrier 
frequency offset of a received signal is provided. The 
OFDIVI receiver (10) samples an incoming signal in the 
time domain and correlates (68) the samples with a 
stored version of a training or reference symbol to gen- 
erate a correlation sequence. A correlation peak is de- 
tected (70) in the correlation sequence and the index of 
the correlation peak is set as a reference point (72, 74), 
The OFDM receiver acquires a sample of the incoming 



signal that is a predetermined distance from the refer- 
ence point (74). Next, the phase difference between the 
acquired sample and the local oscillator is computed 
(74). Afterwards, the frequency of the local oscillator is 
adjusted to reduce the computed phase difference (76, 
80). The acquired sample has a known phase that is 
equal to the phase of the local oscillator in the absence 
of a carrier frequency offset. Thus, reducing the phase 
difference between the predetennined sample and the 
local oscillator causes the carrier frequency offset to 
converge towards zero. 
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Description 

[0001] The present invention relates to processing of 
orthogonal frequency division multiplexed (OFDM) sig- 
nals. 

[0002] Orthogonal frequency division nnultiplexing 
(OFDIVI) is a robust technique for efficiently transmitting 
data over a channel. The technique uses a plurality of 
sub-carrier frequencies (sub-carriers) within a channel 
bandwidth to transmit the data. These sub-carriers are 
arranged for optimal bandwidth efficiency compared to 
more conventional transmission approaches, such as 
frequency division multiplexing (RDM), which waste 
large portions of the channel bandwidth In order to sep- 
arate and isolate the sub-carrier frequency spectra and 
thereby avoid inter-carrier interference (ICI). By con- 
trast, although the frequency spectra of OFDM sub-car- 
riers overlap significantly within the OFDM channel 
bandwidth, OFDM nonetheless allows resolution and 
recovery of the information that has been modulated on- 
to each sub-carrier. 

[0003] The transmission of data through a channel via 
OFDM signals provides several advantages over more 
conventional transmission techniques. One advantage 
is a tolerance to multipath delay spread. This tolerance 
is due to the relatively long symbol interval Ts compared 
to the typical time duration of the channel impulse re- 
sponse. These long symbol intervals prevent inter-sym- 
bol interference (ISI). Another advantage is a tolerance 
to frequency selective fading. By including redundancy 
in the OFDM signal, data encoded onto fading sub-car- 
riers can be reconstructed from the data recovered from 
the other sub-carriers. Yet another advantage is efficient 
spectrum usage. Since OFDM sub-carriers are placed 
in very close proximity to one another without the need 
to leave unused frequency space between them, OFDM 
can efficiently fill a channel. A further advantage is sim- 
plified sub-channel equalization. OFDM shifts channel 
equalization from the time domain (as in single carrier 
transmission systems) to the frequency domain where 
a bank of simple one-tap equalizers can individually ad- 
just for the phase and amplitude distortion of each sub- 
channel. Yet another advantage is good interference 
properties. It is possible to modify the OFDM spectrum 
to account for the distribution of power of an interfering 
signal. Also, it is possible to reduce out-of-band interfer- 
ence by avoiding the use of OFDM sub-carriers nearthe 
channel bandwidth edges. 

[0004] Although OFDM exhibits these advantages, 
prior art implementations of OFDM also exhibit several 
difficulties and practical limitations. One difficulty is the 
issue of determining and correcting for carrier frequency 
offset, a major aspect of OFDM synchronization. Ideally, 
the receive carrier frequency, f^^^ should exactly match 
the transmit carrier frequency, f^t- If this condition is not 
met, however, the mis-match contributes to a non-zero 
carrier frequency offset, delta fc, in the received OFDM 
signal. OFDM signals are very susceptible to such car- 



rier frequency offset which causes a loss of orthogonal- 
ity between the OFDM sub-carriers and results in inter- 
carrier interference (ICI) and a severe increase in the bit 
error rate (BER) of the recovered data at the receiver. 
5 The present invention is directed to the correction of this 
problem. 

[0005] An OFDM receiver corrects a carrier frequency 
offset by computing a phase difference between a pre- 
determined sample of a training sequence or reference 
10 symbol and a local oscillator, and adjusting the frequen- 
cy of the local oscillator to reduce the computed phase 
difference, 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0006] In the drawings: 

FIG. 1 is a block diagram of a conventional OFDM 
receiver; 

20 FIG. 2 illustrates a typical arrangement of OFDM 
symbols and their corresponding guard intervals 
within a data frame; 

FIG. 3 is a block diagram of an exemplary local os- 
cillator frequency correction system of the present 
25 invention; 

FIG. 4 is a block diagram illustrating the present in- 
vention as integrated with the conventional OFDM 
receiver of FIG. 1 ; 

FIG. 5 is a diagram of an exemplary training se- 
30 quence in the frequency domain; and 

FIG. 6 is a time domain representation of the train- 
ing sequence of FIG. 5. 

[0007] The characteristics and advantages of the 
35 present invention will become more apparent from the 

following description, given by way of example. 
[0008] Referring to FIG. 1 , the first element of atypical 
OFDM receiver 10 is an RF receiver 12. Many variations 
of RF receiver 1 2 exist and are well known in the art, but 
40 typically, RF receiver 12 includes an antenna 14, a low 
noise amplifier (LNA) 16, an RF bandpass filter 18, an 
automatic gain control (AGO) circuit 20, an RF mixer 22, 
an RF carrier frequency local oscillator 24, and an IF 
bandpass filter 26, 
45 [0009] Through antenna 14, RF receiver 12 couples 
in the RF OFDM-modulated carrier after it passes 
through the channel. Then, by mixing it with a receiver 
carrier of frequency f^r generated by RF local oscillator 
24, RF receiver 12 downconverts the RF OFDM-modu- 
50 lated carrier to obtain a received IF OFDM signal. The 
frequency difference between the receiver carrier and 
the transmitter carrier contributes to the carrier frequen- 
cy offset, delta fc. 

[0010] This received IF OFDM signal is coupled to 
55 mixer 28 and mixer 30 to be mixed with an in-phase IF 
signal and a 90** phase-shifted (quadrature) IF signal, 
respectively, to produce in-phase and quadrature 
OFDM signals, respectively. The in-phase IF signal that 
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feeds into mixer 28 is produced by an IF local oscillator 
32. The 90** phase-shifted IF signal that feeds into mixer 
30 is derived from the in-phase IF signal of IF local os- 
cillator 32 by passing the in-phase IF signal through a 
90* phase shifter 34 before providing it to mixer 30. 
[0011] The In-phase and quadrature OFDM signals 
then pass into analog-to-digital converters (ADCs) 36 
and 38, respectively, where they are digitized at a sam- 
pling rate fck_r as determined by a clock circuit 40. AD- 
Cs 36 and 38 produce digital samples that fonn an in- 
phase and a quadrature discrete-time OFDM signal, re- 
spectively. The difference between the sampling rates 
of the receiver and that of the transmitter is the sampling 
rate offset, delta fck = fck_r — ^fck_t. 
[0012] The unfiltered in-phase and quadrature dis- 
crete-time OFDM signals from ADCs 36 and 38 then 
pass through digital low-pass filters 42 and 44, respec- 
tively. The output of lowpass digital filters 42 and 44 are 
filtered in-phase and quadrature samples, respectively, 
of the received OFDM signal. In this way, the received 
OFDM signal is converted into in-phase (qj) and quad- 
rature (pj) samples that represent the real and imagi- 
nary-valued components, respectively, of the complex- 
valued OFDM signal, rj =qj -\-\p■^. These in-phase and 
quadrature (real-valued and imaginary-valued) samples 
of the received OFDM signal are then delivered to DSP 
46. Note that in some conventional implementations of 
receiver 1 0, the analog-to-digital conversion is done be- 
fore the IF mixing process. In such an implementation, 
the mixing process involves the use of digital mixers and 
a digital frequency synthesizer. Also note that in many 
conventional implementations of receiver 1 0, the digital- 
to-analog conversion is performed after the filtering. 
[0013] DSP 46 performs a variety of operations on the 
in-phase and quadrature samples of the received 
OFDM signal. These operations may include: a) syn- 
chronizing receiver 1 0 to the timing of the symbols and 
data frames within the received OFDM signal, b) remov- 
ing the cyclic prefixes from the received OFDM signal, 
c) computing the discrete Fourier transform (DFT) or 
preferably the fast Fourier transform (FFT) of the re- 
ceived OFDM signal in order to recover the sequences 
of frequency-domain sub-symbols that were used to 
modulate the sub-carriers during each OFDM symbol 
interval, d) performing any required channel equaliza- 
tion on the sub-carriers, and e) computing a sequence 
of frequency-domain sub-symbols, y|^, from each sym- 
bol of the OFDM signal by demodulating the sub-carri- 
ers of the OFDM signal by means of the FFT calculation. 
DSP 46 then delivers these sequences of sub-symbols 
to a decoder 48. 

[001 4] Decoder 48 recovers the transmitted data bits 
from the sequences of frequency-domain sub-symbols 
that are delivered to it from DSP 46. This recovery is 
performed by decoding the frequency-domain sub-sym- 
bols to obtain a stream of data bits which should ideally 
match the stream of data bits that were fed into the 
OFDM transmitter. This decoding process can include 



soft Viterbi decoding and/or Reed-Solomon decoding, 
for example, to recover the data from the block and/or 
convolutionally encoded sub-symbols. 
[0015] In a typical OFDM data transmission system 

5 such as one for implementing digital television or a wire- 
less local area network (WLAN), data Is transmitted in 
the OFDM signal in groups of symbols known as data 
frames. This concept is shown in FIG. 2 where a data 
frame 50 includes M consecutive symbols 52a, 52b, .... 

10 52M, each of which includes a guard interval, Tg, as well 
as the OFDM symbol interval, Ts. Therefore, each sym- 
bol has a total duration of Tg -i-Tg seconds. Depending 
on the application, data frames can be transmitted con- 
tinuously, such as in the broadcast of digital TV, or data 

15 frames can be transmitted at random times in bursts, 
such as in the implementation of a WLAN. 
[0016] Referring now to FIG. 3, an exemplary embod- 
iment of the present invention is shown. Although the 
present invention is illustrated as being distinct from the 

20 elements of OFDM receiver of FIG. 1 , one skilled in the 
art will readily devise that the present invention may be 
integrated with the elements of the OFDM receiver, as 
shown in FIG. 4 and discussed below. However, the 
present invention is illustrated as a distinct local oscilla- 

25 tor frequency correction loop for clarity, ease of refer- 
ence, and to facilitate an understanding of the present 
invention. 

[0017] The present invention operates in a receiver 
that conforms to the proposed ETSI-BRAN HIPERLAN/ 

30 2 (Europe) and IEEE 802.11a (USA) wireless LAN 
standards, herein incorporated by reference. However, 
it is considered within the skill of one skilled in the art to 
implement the teachings of the present invention in oth- 
er OFDM systems. 

35 [0018] The above-identified wireless LAN standards 
propose the use of a training sequence for detection of 
OFDM transmissions. Briefly, the training sequence (e. 
g., training sequence A or B) includes a series of short 
OFDM training symbols (having known amplitudes and 

40 phases) that are transmitted over a predetermined 
number of pilot sub-carriers or bins (e.g., 12 pilot sub- 
carriers). All the other sub-carriers (e.g., 52 sub-carri- 
ers) remain at zero during the transmission of the train- 
ing sequence, Although use of the training sequence of 

45 the above-identified LAN standards is discussed below, 
use of alternative training sequences and symbols is 
considered within the scope of the invention as defined 
by the appended claims. Frequency domain and time 
domain representations of an exemplary training se- 

50 quence are shown in FIGS. 5 and 6. 

[0019] Referring now to FIG. 3, an oscillator frequen- 
cy correction network or system 60 is shown. It should 
be noted that system 60 may be embodied in software, 
hardware, or some combination thereof. System 60 in- 

55 eludes a derotator or complex multiplier 66 that receives 
a sampled OFDM signal via a sample selection loop 62 
and a phase lock loop 64. As discussed above, the sam- 
pled OFDM signal contains in-phase (qi) and quadrature 
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(pi) samples that represent the real and imaginary-val- 
ued components, respectively, of the complex-valued 
OFDM signal, rj =qj +jpj. Ideally derotator 66 multiplies 
the sampled or digitized OFDM signal with a local signal 
(i.e., carrier signal) generated by a numerically control- 
led local oscillator 80 to bring the digitized OFDM signal 
down to baseband. However, the derotator output may 
not be exactly at baseband. One reason for this discrep- 
ancy is that the frequency of local oscillator 80 may not 
match the transmitter oscillator frequency. Thus, there 
may be a local oscillator frequency offset (i.e., carrier 
frequency offset) with respect to the transmitter oscilla- 
tor frequency. The present invention is directed to com- 
pensating for the local oscillator frequency offset 
through the operation of sample selection loop 62 and 
phase lock loop 64. 

[0020] Sample selection loop 62 includes a correlator 
module 68, a peak detector module 70, and a sample 
selector module 72. More specifically, correlator module 
68 is coupled to a source of a sampled OFDM signal 
and an input of peak detector module 70. An output of 
peak detector module 70 is coupled to an input of sam- 
ple selector module 72 which, in turn, is coupled to the 
source of a sampled OFDM signal and to inputs of dero- 
tator 66 and phase locked loop 64. 
[0021] Phase locked loop 64 includes a phase detec- 
tor module 74, a loop filter 76, and a numerically con- 
trolled oscillator 80. More specifically, phase detector 
module 74 is coupled to an output of sample selector 
module 72 and an output of a numerically controlled os- 
cillator 80 as well as an input of a loop filter module 76. 
Loop filter module 76 is coupled to an input of numeri- 
cally controlled oscillator 80 which, in turn, is coupled to 
an input of derotator 66 and fed back to an input of phase 
detector 74. 

[0022] In operation, sample selection loop 62 extracts 
the location of a training symbol in the received OFDM 
signal and delays the OFDM signal in order for the 
phase locked loop 64 to analyze the phase of a sample 
that is located at a predetermined location within the 
training symbol. More specifically, correlator module 68 
correlates the received digitized O FDM signal with time- 
domain samples of a known training sequence (e.g., 
training sequence B of the abovementioned wireless 
LAN standards) stored in a local memory. A maximum 
correlation will occur when the stored training sequence 
matches up with a training sequence contained in the 
digitized signal. Thus, a peak in the power of the corre- 
lation output may be utilized to determine when the re- 
ceived signal coincides with the stored training se- 
quence. 

[0023] Peak detector module 70 searches the corre- 
lation sequence received from correlator module 68 for 
a peak in the power of the correlation sequence. The 
output of correlator module 68 is a complex signal since 
the inputs (i.e., thestored training sequence and thedig- 
itized signal) are complex. Peak detector module 70 
may compute the power or magnitude of each sample 



of the correlated signal in one of two ways in accordance 
with the design of a particular OFDM receiver. First, 
peak detector module 70 may compute the squared 
magnitude (i.e., the power) of each complex sample of 
5 the correlated signal to generate a real number indicat- 
ing the power of the correlated signal. Second, peak de- 
tection module 70 may obtain the magnitude (as op- 
posed to the squared magnitude) of each complex sam- 
ple of the correlated signal. Aftenwards, peak detector 
module 70 searches the correlation power sequence to 
identify the sample having the largest power or magni- 
tude value. Once the largest value has been identified, 
peak detector module 70 outputs the index of the peak 
location to sample selector module 72. The index is 
used by system 60 as a reference point. Within the train- 
ing sequence certain samples are known to have the 
same phase as local oscillator 80 if there is not a local 
oscillator frequency offset present. However, if a fre- 
quency offset is present the samples will have a phase 
offset with respect to the phase of the signal generated 
by local oscillator 80. The phase offset can be used by 
the phase locked loop 64 of system 60 to generate a 
frequency error signal to adjust the frequency of local 
oscillator 80 such that the local oscillator frequency off- 
set converges towards zero. 

[0024] Sample selection module 72 receives the in- 
dex of the peak location from peak detector module 70 
and uses the index to delay the received digitized OFDM 
signal such that predetermined samples, within the 
training sequence carried by the digitized signal, can be 
analyzed by the phase detector module 74 of phase 
locked loop 64, as described in further detail below. The 
predetermined samples are known to be located a fixed 
distance or time period from the correlation peak and, 
absent a local oscillator frequency offset, have the same 
phase as local oscillator 74. The predetermined OFDM 
samples and the phase of the local oscillator are select- 
ed in accordance with the design of a particular OFDM 
receiver. Sample selection module 72 may include a tap 
delay line and FIFO buffer arrangement or any similar 
selective delay arrangement as known by those skilled 
in the art. 

[0025] Phase detector module 74 tracks the passage 
of the digitized OFDM signal output by sample selector 
module 72 and analyzes predetermined samples after 
the passage of a number of samples. For example, 
phase detector module 74 may include a counter that 
counts the number of samples output from sample se- 
lector module 72 and triggers the phase detector mod- 
ule 74 to capture a sample after reaching a predeter- 
mined count. The time period between triggers is known 
and utilized by sample selector 72 to delay the digitized 
OFDM signal such that phase detector module 74 ac- 
quires the predetermined samples of the training se- 
quence. Once a sample is selected, phase detector 
module 74 computes the phase of the sample and the 
phase the signal generated by local numerically control- 
led oscillator 80. Afterwards, phase detector module 74 
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generates a phase offset error by calculating the differ- 
ence in phase between the selected sample and the sig- 
nal generated by the local oscillator 74, The phase offset 
error is provided to a filter 76 that generates a local os- 
cillatorfrequency error. The local oscillatorfrequency er- 
ror, in turn, is provided to local oscillator 80 to adjust the 
frequency of local oscillator 80 such that the local oscil- 
latorfrequency offset (i.e., carrier frequency offset) con- 
verges towards zero and the derotated signal output 
from derotator 66 approaches baseband. The phase off- 
set error is preferably held constant by phase lock loop 
64 after the counter within phase detector module 74 
resets and is counting towards the predetemnined trig- 
ger value. 

[0026] It should be noted that derotator 66 may further 

adjust (via internal filters or the like) the received phase 
error offset to more precisely derotate the digitized sig- 
nal from passband to baseband. 
[0027] Referring now to FIG. 4, the present invention 
is integrated with the conventional OFDM receiver of 
FIG. 3 as shown. More specifically, system 60 is coupled 
to the outputs of LPFs 42 and 44 and to the inputs of 
DSP 46. With this arrangement, system 60 receives 
OFDM samples from LPFs 42 and 44, corrects any de- 
tected carrier frequency offset, and outputs the correct- 
ed OFDM samples to DSP 46 for further processing. 
[0028] While the present invention has been de- 
scribed with reference to the preferred embodiments, it 
is apparent that that various changes may be made in 
the embodiments without departing from the spirit and 
the scope of the invention, as defined by the appended 
claims. 



Claims 

1 . A method of correcting a carrier frequency offset in 
an Orthogonal Frequency Division Multiplexing 
(OFDM) receiver in the time-domain, the method 
characterized by the steps of: 

receiving an OFDM signal having a reference 
symbol; 

correlating the OFDM signal with a stored copy 
of the reference symbol; 
outputting an index of a correlation peak; 
sampling the OFDM signal at a predetermined 
distance from the index of the correlation peak 
to produce a reference sample; 
computing a phase difference between the ref- 
erence sample and a locally generated carrier 
frequency; and 

generating a carrier frequency offset error in re- 
sponse to the computed phase difference. 

2. The method of claim 1 , further characterized by the 
steps of: 



adjusting the locally generated carrier frequen- 
cy to correct the carrier frequency offset error; 
and 

derotating the received OFDM signal from 
5 passband to baseband using the locally gener- 

ated carrier frequency. 

3. The method of claim 1 , characterized in that the 
step of correlating includes the steps of: 

10 

outputting a sequence of correlation samples 
representing the correlation of the stored refer- 
ence symbol with the OFDM signal; 
determining the power of each correlation sam- 
15 pie in the sequence; and 

determining the index of the correlation peak 
by locating a correlation sample in the se- 
quence having a maximum power value. 

20 4. The method of claim 3, characterized in that the 
step of determining the power of each correlation 
sample includes the step of computing a squared 
magnitude of each correlation sample. 

25 5. The method of claim 3, characterized in that the 
step of determining the power of each correlation 
sample includes the step of obtaining a magnitude 
of each congelation sample. 

30 6. The method of claim 1 , characterized in that the 
step of generating a carrier frequency offset error 
includes the step of passing the computed phase 
difference through a loop fitter. 

35 7. An Orthogonal Frequency Division Multiplexing 
(OFDM) receiverfor receiving an OFDM signal hav- 
ing a training symbol, the OFDM receiver charac- 
terized by: 

40 an analog to digital converter (ADC) that con- 

verts a received OFDM signal into a plurality of 
digital samples, the plurality of digital samples 
including a plurality of training symbol samples; 
an oscillator that generates a digital signal; 
45 a derotator coupled to the oscillator, the dero- 

tator mixing the digital OFDM samples with the 
digital signal such that the digital OFDM sam- 
ples are downconverted from passband to 
baseband; and 
50 an error module coupled to the ADC, the oscil- 

lator, and the derotator, the error module pass- 
ing the plurality of digital samples from the ADC 
to the derotator, the error module deriving a 
phase difference between a predetermined 
55 training symbol sample and the digital signal 

generated by the oscillator, the error module 
adjusting a frequency of the oscillator to reduce 
the derived phase difference. 
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8. The OFDM receiver of claim 7, characterized in that 
the error module comprises: 

a sample selection unit coupled to the ADC and 
the derotator, the sample selection unit selec- 
tively delaying the digital samples output from 
the ADC to the derotator for a predetermined 
time; and 

a phase detection unit coupled to the sample 
selection unit and the oscillator, the phase de- 
tection unit acquiring the predetermined train- 
ing symbol sample from the delayed digital 
samples, calculating the phase difference be- 
tween the predetermined training symbol sam- 
ple and the digital signal of the oscillator, and 
generating a control signal for adjusting the fre- 
quency oftheoscillatorto reduce the calculated 
phase difference. 

9. The OFDM receiver of claim 8, characterized in that 
the predetermined time is selectively set by the 
sample selection unit such that the phase detection 
unit acquires the predetermined training symbol 
sample. 

10. The OFDM receiver of claim 8, characterized in that 
the sample selection unit comprises: 

a correlator coupled to the ADC, the correlator 
correlating the digital samples output from the 
ADC with a stored copy of the training symbol 
to generate a plurality of correlation samples; 
a correlation peak detector coupled to correla- 
tor, the correlation peak detector outputting an 
index of a correlation peak in response to the 
detection of a correlation peak in the plurality 
of correlation samples; and 
sample selector coupled to the ADC, the corre- 
lation peak detector, and the phase detection 
unit, the sample selector selectively delaying 
the digital samples output from the ADC for the 
predetermined time in response to reception of 
the index of the correlation peak from the cor- 
relation peak detector. 

11. The OFDM receiver of claim 10, characterized in 
that the correlation peak detector calculates a cor- 
relation power for each correlation sample and de- 
tects the correlation peak by detecting a maximum 
power value in the plurality of correlation samples. 

12. The OFDM receiver of claim 11, characterized in 
that the correlation power is a squared magnitude 
of each correlation . 

13. The OFDM receiver of claim 11, characterized in 
that the correlation power is a magnitude of each 
correlation. 



1 4. The OFDM receiver of claim 7, characterized in that 
the predetemiined training symbol sample is in 
phase with digital signal generated by the oscillator 
when the oscillator is synchronized with a carrier 

5 frequency of the OFDM signal. 

15. An apparatus for synchronizing a local oscillator fre- 
quency of an Orthogonal Frequency Division Multi- 
plexing (OFDM) receiver with a carrier frequency 

10 generated by an OFDM transmitter, the apparatus 
characterized by: 

means for receiving an OFDM signal transmit- 
ted at a carrier frequency; 
15 means for extracting a reference point from the 

OFDM signal; 

means for sampling the OFDM signal a prede- 
termined distance from the reference point; 
means for calculating a phase difference be- 
20 tween the sample and the local oscillator fre- 

quency; and 

means for synchronizing the local oscillator fre- 
quency with the carrier frequency of the OFDM 
signal by adjusting the local oscillator frequen- 
25 cy such that the phase difference is reduced. 

16. The apparatus of claim 1 5, characterized in that the 
apparatus is incorporated into a receiver that oper- 
ates in a wireless LAN. 

30 

17. The apparatus of claim 1 5, characterized in that the 
means for extracting comprises: 

means for correlating the OFDM signal with a 
35 stored copy of a reference symbol to generate 

a plurality of correlation samples; and 
means for detecting a location of a correlation 
peak in the plurality of correlation samples; and 
means for setting the location of the correlation 
40 peak as the reference point. 

1 8. The apparatus of claim 1 7, characterized in that the 
means for detecting comprises: 

45 means for determining the power of each cor- 

relation sample in the plurality of correlation 
samples; and 

means for determining the location of the cor- 
relation peak by locating a correlation sample 
50 in the sequence having a maximum power val- 

ue. 

1 9. The apparatus of claim 1 8, characterized in that the 
means for determining the power of each correla- 

55 tion sample includes at least one of a means for 
computing a squared magnitude of each correlation 
sample and a means for obtaining a magnitude of 
each correlation sample. 
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20. The apparatus of claim 1 5, characterized in that the 
predetermined distance is set such that at least one 
reference symbol within the OFDM signal is sam- 
pled, the reference symbol sample being in phase 
with the oscillator frequency when the oscillator is 5 
synchronized with the carrier frequency. 
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(57) A method for transmitting data packets be- 
tween a transmitter and a receiver unit in a communica- 
tion system is described. For transmitting data packets 
a transmission mode is selected from a plurality of avail- 
able transmission modes and an automatic repeat re- 
quest for retransmission is used. Therefore for each 
available transmission mode a channel parameter 
based on link quality is calculated and a transmission 
capacity parameter is determinated. The state of the au- 
tomatic repeat request control window for at least one 
transceiver is identified. For each available transmission 
mode an estimation of the user quality value based on 
the channel parameter, the transmission capacity pa- 
rameter and the state of the automatic repeat request 
control window from at least one transceiver is estimat- 
ed. The transmission mode that provides the best user 
quality value is selected. 
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Description 

[0001] The present invention relates to a communication system, wliicli transmits data packets. In particular data 
packets are transmitted with a transmission mode selected from a plurality of available transmission modes in that 

5 communication system. 

[0002] In communication systems, data packets are transmitted over a physical link between different transceivers. 
Such a structure, as for example standardized by the International Standard Organization (ISO), is the reference model 
of open data interconnections (OSI) [Bertsekas, Dimitri P.: "Data Networks", 2^^ ed., Prentice Hall, 1992]. Each trans- 
ceiver, for transmitting as well as for receiving data packets, is characterized as having several layers, whereas the 

10 both lowest layers are the Data-Link-Control-Layer (DLC-Layer or Layer 2 or Convergence Layer) and the Physical- 
Interface-Layer (PHY-Layeror Layer 1). The Physical-Interface-Layer is the lowest one and provides data packet trans- 
mission between the different transceivers over the physical link. 

[0003] In existing communication systems, different techniques may be employed to transmit data packets between 
transceivers over the physical link. It is a widely used method to allocate several transmission time periods of a trans- 
15 mission frame to several transceivers. In contrary to wired communication systems, in the wireless communication 
systems, as for example an EDGE systems, the reliability of data transmission strongly depends on the radio link quality 
on the physical link. For example burst disturbance in radio link caused by co-channel interference and multi-path 
fading introduces a drastic variation of the link quality 

[0004] As it is known from WO9913304 a selection method for all available transmission modes is described, where 
20 a transmission mode is defined as a combination of a coding rate and a modulation scheme. Each combination of a 
modulation and coding schemes is based on using measured link quality parameters to determine which combination 
provides the best user quality. Based on Eq.1 it is possible to estimate how a change of modulation or channel coding 
scheme would effect the user quality, as for example the data throughput Sj. Base on this estimation a transmission 
mode can be selected that provides the best user quality. 

25 

Si = Ri*(1-BLERi) Eq.1 



[0005] For each transmission mode i, the maximum data rate Rj and the data block error rate BLERj are given. Based 
on this assumption the maximal throughput Tj can be calculated with equation Eq.1 for each transmission mode i. The 
throughput for all available transmission modes in the system then will be compared. The mode with the maximal 
throughput is selected as the suitable transmission mode for transmitting the data blocks. 

[0006] As it is known in wireless communication systems, for example shown in Table 1 [Jamshid Khun-Jush: "Struc- 
ture and Performance of the HIPERLAN/2 Physical Layer", Procedures VTC'99 FALL, 1999] a coding rate and a mod- 
ulation scheme is allocated for the wireless data transmission over the physical link in the PHY-Layer of a transmitting 
transceiver. To decrease the influence of link quality variations on the data transmission, or more detailed onto the link 
throughput, in today existing wireless communication systems (e.g. HIPERLAN type 2, IS-1 36 and EDGE), the Physical 
Layer uses various transmission modes. Such a selection of various transmission modes is often called an adaptation 
scheme. For example, based on link quality measurements, e.g. the carrier to interference (C/l) ratio, a transmission 
mode is selected from a list of transmission modes available in that communication system. As a result the link through- 
put can be maximized, when a combination is selected as a function of the radio link quality. 



Table 1 



Transmission mode 


IVIodulation scheme 


Coding rate 


Physical layer bit rate 


1 


BPSK 




6 Mbps 


2 


BPSK 


% 


9 Mbps 


3 


QPSK 




12 Mbps 


4 


QPSK 




18 Mbps 


5 


16QAM 


9/16 


27 Mbps 


6 


16QAM 




36 Mbps 


7 


64QAM 




54 Mbps 



[0007] For error sensitive services in data transmission systems all transmitted data packets, further also often named 
as protocol data units (PDU's), have to be correctly received by the receiver. Therefore erroneous transmitted data 
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packets have to be detected and retransmitted by the transmitter again. To detect the erroneous transmitted data 
packets, binary Cyclic-Redundancy-Check (CRC) codes are increasingly in use. Based on the CRC code result, the 
receiver notifies the transmitter with an Automatic-Repeat-Request (ARQ) feedback acknowledgment whether the 
transmitted PDU's have been successfully received or not. The erroneous ones are then retransmitted. In general, 

5 three basic retransmission mechanisms, Stop-and-Wait ARQ, Go-back-N (GbN-) ARQ and Selective Repeat (SR-) 
ARQ, are considered in most data transmission systems. In the case of using SR-ARQ, the PDU's are transmitted 
continuously. The transmitter re-transmits only those PDU's, which are detected as to be erroneous. Since ordinarily 
PDU's must be delivered to the user in a correct order, a buffer is provided at the receiving transceiver, to store the 
error free received PDU's and the number of detected erroneous PDU's. When the first negatively acknowledged PDU 

10 is successfully received, the receiver than releases the error-free received PDU's in a consecutive order until the next 
erroneously received PDU is encountered. In the transmitter the buffer must be provided to store these PDU's which 
are transmitted until receiving positive acknowledgements. The buffers in the transmitter and receiver are further re- 
ferred as ARQ-control-window for the transmitter and receiver, respectively. 

[0008] But in today existing communication systems for transmitting data packets, the ARQ mechanism operates on 
15 the DLC layer in a transceiver. This ARQ mechanism is constrained with a limited ARQ control window, due to a limit 

of processing power, a limit of memory size and a lower protocol overhead. Therefore the transmitter can only send 

so many PDU's that the ARQ window allows. When the link quality of the physical link is very low, which also results 

in erroneous transmitted data packets, a lot of PDU's has to be retransmitted. In consequence the buffer of the ARQ 

control window in the transmitting transceiver could become blocked and the throughput is reduced. In this case the 
20 maximal data rate provided by a transmission mode can not be utilized. Therefore equation Eq.1 is not suitable to 

optimize the data throughput of radio links, Eq.1 shows only what could be achievable in ideal systems. 

[0009] It is therefore an object of the invention to provide a method that overcomes the problem and thereupon 

increasing the user quality value of a real communication system. 

[0010] This is achieved by teaching of claim 1 . 
25 [0011] According to claim 3 and 4 it is advantageous to determine the transmission capacity parameter at least by 

the maximum data rate R^axi provided in each available transmission mode. 

[0012] According to claim 5 or claim 6 the state of the automatic repeat request control window is determined by the 
parameters of the automatic repeat request control window from at least the transmitting transceiver or the receiving 
transceiver to estimate the throughput of a real system, which especially leads to an optimized overall throughput. 
30 [0013] According to claim 7 and claim 8 it is useful to describe the quality value by the user data throughput. The 
user data throughput then bases on the protocol data unit error rate, the maximal data rate, the transmission capacity 
and the state of the automatic repeat request control window from at least one transceiver. 

[0014] Further it is advantageous according to claim 9 to use the method for a radio packet data system, where the 
reliability of data transmission strongly depends on the radio link quality on the physical link, e.g. through the influence 
35 of co-channel interference and multi-path fading in the radio link. 

[0015] In the following the invention will be further described according to the figures and by means of examples. 
The following figures show: 



Fig. 1a: block diagram of a communication system for data transmission with two transceivers; 

40 Fig. 1b: reference model of a communication system for data transmission with two transceivers; 

Fig. 2: transmission capacity reserved for the transmitter within a transmission frame. 

Fig.3a-c: diagrams of the performance of user quality values under different preconditions; 

Fig. 4: flow chart of a transmission mode selection method for data packet transmission; 

Fig. 5a: automatic-repeat-request window for a transmitter unit; 

45 Fig. 5b: automatic-repeat-request window for a receiver unit. 



[0016] Fig. la shows schematic a block diagram with two transceivers 1, 2 within a communication system. Both 
transceivers include a memory part 1 a and 2a for storing parameters, a controlling part 1 d and 2d, and a receiver part 
1b, 2b and a transmitter part 1c, 2c for a radio communication via an air interface 3. As an alternative. Fig. lb shows 

50 a part from the above mention OSI reference model of the same communication system as shown in Fig.1 a with these 
two transceivers 1 and 2, usable for transmitting and receiving data packets via the air interface which is named as 
the physical link 3 in the context of this reference model. Based on Fig. 1 b, the invention will be further described, where 
a userl uses the transceiver 1 as a transmitter and a user2 uses the transceiver 2 as a receiver. The transmitter 1 
includes a DLC-Layer 1 2 for transforming data from a higher Layer m into protocol data units PDU for the transmission. 

55 The DLC-Layer 1 2 includes an ARQ-control-window for a feedback acknowledgment to control the correct transmission 
of the PDU's. The PHY-Layer 13 provides different coding and modulation schemes for the transmission of the data 
packets over the wireless physical link 3. The data packets are transmitted over the physical link 3 in transmission 
frames L, as shown in Fig.2. Each transmission frame L includes several consecutive data packets PDU^-PDUinj within 
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a time slot 1 . 

[0017] The physical layer 13 provides different coding and modulation schemes to overcome the above described 
problem causes from the variations of link quality. A method for selecting one transmission mode out of a group of 
available transmission modes is provided at least in one of the transceivers 1 and 2. Together with the link quality 

5 parameter from the physical link 3 the user quality for each transmission mode can be estimated. 

[0018] Fig. 5a and Fig.5b show the automatic-repeat-request-control-windows for the transmitter 1 and the receiver 
2, which have in contrary to assumptions in the prior art a limited size. The negotiated maximum ARQ-control-window 
sizes in the transmitter 1 and receiver 2 are defined as TxWmax and RxWmax respectively. For both ARQ-control- 
windows, an upper border TxToW and RxToW and a lower border TxBoW and RxBoW are determined. The upper 

10 borders are determined through the sequence numbers of the latest transmitted and correctly received data packets 
PDU t+n and PDU r+m. The lower borders are determined through the sequence numbers of the oldest not acknowl- 
edged and not correctly received data packets PDU t and PDU r. 

[0019] As will be mentioned again the existing state of the art solutions estimates the throughput only on the base 
of the maximum data rate and the data block error rate. Therefore it could be assumed that limitations of a ARQ control 

15 windows, which normally occurs in real systems are not regarded. The overall throughput in a real system is lower as 
in the idealized system, due to transmission overheads and limited ARQ-control-windows. In Fig.Sa the performance 
of a real system is shown in comparison to that one of assuming ideal conditions. The solid line shows for the trans- 
mission modes Mode 3 to Mode 7 the ideal performance of the overall throughput under the conditions of unlimited 
ARQ windows, whereas the dashed lines show, for the same transmission modes Mode 3 to Mode 7, the real perform- 

20 ance of the throughput by regarding the limited ARQ-window. Wherein the dashed lines in Fig.Sa shows the complete 
throughput for all transmission modes, the solid line is the sum of parts of the throughput for different transmission 
modes, named as the overall throughput. As a function of the carrier to interference ratio C/l one of the transmission 
modes Mode3 to Mode 7 is selected, depending from which mode a higher throughput can be achieved. Point a to d 
represents the equivalent C/l-values, where a transmission mode has to change under ideal conditions, whereas point 

25 a' to d' are the real points for changing between different modes. In that regard a performance loss in the overall 
throughput causes in the real system, as shown in Fig. 3b occurs, if the selection of the physical transmission mode 
is performed in terms of the idealized throughput curve. For example, the idealized curve shows that the transmission 
mode has to be changed from transmission mode Mode 6 to Mode 7 at point d, when the C/l-ratio is larger than 20 
dB. But the real curve shows that the mode 7 is recommended at point d', if C/l is larger than 24 dB. Thus the system 

30 prepares a reversal at 20dB which results in a reduction of throughput from point x' to x" at the 20dB point. In total a 
throughput loss in the real system is caused for C/l values between 20 dB and 24 dB, as can be seen in Fig. 3b. There 
the best achievable throughput is following the dashed line from point x' to d', whereas the state of the art solution 
following the solid line from point x' to point d' via the point x". In Fig. 3b it is obviously that a reduction of the overall 
throughput also occur after the points a-c. 

35 [0020] The preferred method for a selection of a transmission mode, out of all available transmission modes, will be 
further described in more detail by explanation of the flow chart in Fig. 4. The selection of a transmission mode can be 
done either in the transmitter 1 or the receiver 2. When the selection is performed in the receiver, the selected mode 
should be transmitted to the transmitter, which then uses the selected mode for transmission the data packets. After 
starting the process with step 110, in a first step 112 several preconditions have to be set. The total number N of all 

40 available transmission modes in that communication system is determined and to each of them a transmission param- 
eter Rmaxi and an estimated link quality parameter C/l are allocated. Also the transmission time b reserved for the 
transmitter and the duration L of the transmission frames is determined. Further the state of the ARQ-control-window 
from at least one transceiver is identified. Thereafter, in step 114, the flow parameter i for the following loop is set to 
i=1 and the value for the throughput to T=0. In the decision box 116 that value i has to be compared with the above 

45 determined N. If i<N the following loop 1 1 6 - 1 30 is running. Therefore in the first step 1 1 8 of the loop, the C/l is requested 
from the memory 112 and then 120 mapped to PDU error rate for the transmission mode i. Then, in step 122, the 
transmission parameter R^naxi' reserved transmission time b, the duration of the transmission frame L and the state 
of the ARQ-control-window R^^ is read from the corresponding memories 1 1 2. As a result of the next step 1 24 the user 
quality value is estimated, e.g. the throughput is estimated under the premise of equation Eq.2, which will be later 

50 described in more detail. In the next two steps 126 and 128 there is an update of the throughput T to Tj, and the 
transmission parameter R is updated to Rmaxi, if the throughput Tj for the actual transmission mode i is higher than 
any former T. Then i is countered by i+1 and the loop works again for the next available transmission mode, until i is 
larger than N. If the condition l>N is fulfilled, in step 132 the parameter list for T and R is read from the memory and 
delivered to the physical layer of the transmitting transceiver 1 . The physical layer then choose the transmission mode, 

55 which has the maximum data rate R and uses it for the data transmissions in the next transmission frame 134. Finally 
the process can be restarted for sending further data packets 138 and for example after a predetermined delay time 
or after detecting that the parameters used in equation 2 have been significantly changed. Else where the process is 
finished 138. 
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[0021] The main step 124 of the preferred method for selecting a transmission mode is now described in more detail. 
In this selection method the data throughput of each transmission mode i is calculated based on equation Eq.2: 

T, = Min{ R^, R^^i * 1/L} * (l-PER;) Eq.2 

[0022] Where Tj is the data throughput for the transmission mode i and PERj is the PDU error rate for the transmission 

mode i at the considered radio link quality. Rr^nax i it^^^i^s the maximal data rate of the physical transmission mode i, 
and R^ represents the state of the ARQ window either in the receiver or in the transmitter unit, promised on the DLC 
layer. 1 the transmission time reserved for a transceiver for transmitting data packets within a transmission frame length 
L. The value of Rmax.i * represents the transmission capacity for a transmission mode i. 

[0023] It is the advantageous feature of the invention to follow the state of the ARQ-control-window either in the 
receiver or the transmitter by estimation the term Min{ R^^, R^axj * '"^ ^^-^^ where the maximal data rate promised 
R^ on the DLC layer must be estimated based on ARQ-control-window fullness and ARQ acknowledgements. 
[0024] The estimation of the state of the automatic-repeat-request-control-window leads to the achievable data rate 
R^ as will be now described for the two alternative preferred embodiments. 

[0025] In the first embodiment the state of the ARQ-control-window in the transmitter 1 will be gathered to determine 
the maximum data rate of the DLC-Layer 12. On the DLC-Layer of the transmitter 1 data packets from higher layers 
m must be reconstructed to Protocol Data Units (PDU) with sequence numbers t before transmission. The ARQ-control- 
window in the transmitter is normally used to control PDU retransmissions. The ARQ-control-window size TxWmax is 
the maximal number of PDU's that have been transmitted and are waiting for acknowledgements from the receiver 2. 
The bottom of the ARQ-control-window TxBoW is the oldest sequence number not yet acknowledged by the receiver 
2. The top of the ARQ-control-window TxToW is the newest sequence number not yet acknowledged by the receiver 
2. The number of PDU's to be retransmitted Nt in the ARQ-control-window can be determined after receiving acknowl- 
edgements. Therefore the maximum data rate on the DLC layer in the transmitter can be estimated with: 

Rw = (Nr + TxWmax + TxBoW - TxToW)/L Eq.3 

[0026] The second embodiment takes into account the state of the ARQ-control-window from the DLC-Layer 22 in 
the receiver 2. Here the ARQ-control-window is normally used to buffer a number of PDU's that are not received in 
order and to deliver the PDU's in sequence to the higher layers. The ARQ-control-window size RxWmax is the maximal 
interval of sequence numbers that are eligible for reception. The bottom of the ARQ-control-window RxBoW is the 
oldest sequence number expected by the receiver. The top of the ARQ-control-window RxToW is the newest sequence 
number received by the receiver. The number Nr of PDU's to be retransmitted in the ARQ-control-window can be 
countered based on PDU's lacked between RxBoW and RxToW. So the maximum data rate promised on the DLC layer 
in the receiver can be estimated with: 

R^ = (N^ + RxWmax + RxBoW - RxToW)/L Eq.4 

[0027] Finally in Fig. 3c the simulated results of the overall throughput by using one of the preferred embodiments 
are shown. If the C/l value reaches point x' the transmission mode Mode 6 will not change to Mode 7, the system first 
changes to mode 7 close to point d' when using the preferred embodiment on the base of equation Eq.2. 
[0028] As already outlined, the comparing of Fig.3b with Fig.Sc an improvement of the overall throughput can be 
recognized by using the equation Eq.2 under the premiss of the state of the ARQ-control-window from the receiver 1 
or the transmitter 2. It is distinct that the selection criterion based on equation (2) is more reliable than that using 
equation (1) and guarantees the best throughput of the system in different radio link qualities (C/l). 
[0029] Thus, the present invention increases the overall throughput of a transmission system and leads to an opti- 
mized system with best performance. In the following a preferred embodiment of a transceiver for transmitting and/or 
receiving data packets over a physical link in a communication system is briefly described, where the above described 
method is implemented. A controlling part Id, 2d, as shown in Fig. la, is needed at least in one transceiver, to perform 
the selection method, as for example described in Fig. 4. That transceiver integrates a calculator for calculating a chan- 
nel parameter based on the link quality and a determinator for determinating a transmission capacity parameter for 
each available transmission mode i. An identifer for identifing the state of a automatic repeat request control window 
in that transceiver is included. Although the controlling part includes an estimator for estimating user quality value for 
each available transmission mode based on the channel parameter, the transmission capacity parameter and the state 
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15 



of the automatic repeat request control window from at least one transceiver. Finally the controlling part includes a 
selector for selecting a transmission mode that provides the best user quality value. The above described controlling 
part 1d, 2d is used as a synonym for all kind of hardware, that can be used in mobile terminals for data processing 
and controlling purposes. Therefore general purpose processing devices like so called micro processors, dedicated 
programmable hardware like so called digital signal processors as well as hardware programmable logic circuits like 
Application Specific Integrated Circuits (ASICs) should be covered by the term processing device. Due to certain con- 
straints like computing power, integration size, availability etc. up to now it was common to distribute functions like 
processing and controlling to more than one device. Therefore a person skilled in the state of the art should be aware 
that processing device also means a set or any combination of microprocessors, digital signal processors, ASIC's etc.. 
[0030] Furthermore it has be mentioned again that the invention is not restricted to the specific embodiments and 
examples described in the present invention. That means, that the above described method can implemented in any 
data packet transmission system, where the above described problems can be solved by regarding the influence of 
the real ARQ-control-window size from at least the transmitting or receiving transceiver. That is, on the basis of the 
teaching contained in the description, various modifications and variations of the invention may be carried out. 

Claims 

1 . Method for transmitting data packets between two transceivers in a communication system, wherein for transmitting 
20 data packets a transmission mode Is selected from a plurality of available transmission modes and wherein an 

automatic repeat request for retransmission is used, comprising the steps of: 

calculating for each available transmission mode a channel parameter based on the link quality; 
determinating for each transmission mode a transmission capacity parameter; 
25 - Identlfing the state of a automatic repeat request control window for at least one transceiver; 

estimating a user quality value for each available transmission mode based on the channel parameter, the 
transmission capacity parameter and the state of the automatic repeat request control window from at least 
one transceiver; and 

selecting a transmission mode that provides the best user quality value. 

30 

2. The method of claim 1 , wherein 

the channel parameter for each available transmission mode is the protocol data unit error rate PERj. 

3. The method of claim 1 , wherein 

35 the transmission capacity parameter is determined by at least the maximum data rate R^^^ provided in each 

available transmission mode. 

4. The method of claim 3, wherein 

the transmission capacity parameter is determined by the maximum data rate Rmaxi provided in each available 
40 transmission mode and the transmission time b and transmission frame length L provided for transmitting data 

packets. 

5. The method of claim 1 , wherein 

in a transceiver which transmits data packets, the state of the automatic repeat request control window R^ is 
45 determined by the oldest protocol data unit sequence number TxBoW, the newest protocol data unit sequence 

number TxToW and the number of data packets Nt in the window which has to be retransmitted. 

6. The method of claim 1 , wherein 

in a transceiver which receives data packets, the state of the automatic repeat request control window R^ is de- 
50 termined by the oldest protocol data unit sequence number RxBoW expected by the receiver unit, the newest 

protocol data unit sequence number RxToW received by the receiver unit and the number of data packets Nr in 
the window to be retransmitted. 

7. The method according to any of the claims 1-6, wherein the user quality value for each available transmission 
55 mode is described by the user data throughput for that transmission mode Tj. 

8. The method of claims 7, wherein 

the step of estimating the user data throughput Ti bases on the protocol data unit error rate PERj, the maximum 
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data rate Rmaxi' transmission time b and transmission frame iengtin L and the state of tine ARQ control window 
from at least one transceiver. 

A communication system implemented the method according to any of the claims 1-8, wherein 
the communication system is a radio packet data system. 

0. A transceiver implemented the method according to any of the claims 1 -9, wherein a controlling part in a transceiver 
includes : 

a calculator for calculating a channel parameter based on the link quality, 

a determinator for determinating a transmission capacity parameter for each available transmission mode, 
an identifer for identifing the state of a automatic repeat request control window in at least one transceiver, 
an estimator for estimating the user quality value for each available transmission mode based on the channel 
parameter, the transmission capacity parameter and the state of the automatic repeat request control window 
from at least one transceiver, and 

a selector for selecting a transmission mode that provides the best user quality value. 

1. Computer program executable by a controlling part of a transceiver, comprising software code portions for per- 
forming the steps of any of the claims 1 -9. 
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Description 

Field of the Invention 

5 [0001 ] This invention relates to an estimation of radio-channel propagation conditions, in order to equalise their effect 
on transmitted data. The invention is applicable to improving an accuracy of channel estimation in an orthogonal fre- 
quency division multiplex (OFDIVI) wireless receiver. 

Background of the Invention 

10 

[0002] Wireless communication systems, for example cellular telephony or private mobile radio communication sys- 
tems, typically provide for radio telecommunication links to be arranged between a plurality of base transceiver stations 

(BTSs) and a plurality of subscriber units, often termed mobile stations (MSs). 

[0003] Wireless communication systems are distinguished over fixed communication systems, such as the public 
15 switched telephone network (PSTN), principally in that mobile stations move between BTS (and/or different service 
providers) and in doing so encounter varying radio propagation environments. 

[0004] Methods of communicating information simultaneously exist where communication resources in a communi- 
cation network are shared by a number of users. Such methods are termed multiple access techniques. A number of 
multiple access techniques exist, such as frequency division multiple access (FDMA), time division multiple access 
20 (TDM A), and code division multiple access (CDMA). 

[0005] The communication link from a BTS to a MS is referred to as the down-link. Conversely, the communication 
link from a MS to the BTS is referred to as the up-link. 

[0006] In wireless communication systems, there is a need to estimate the effect caused by the 'wireless communi- 
cation channel' on the data being transmitted. Channel estimation is required so that the received data can be equalised 
25 to reduce, restore or minimise signal degradation caused by such transmission channel impairments. A radio channel 
is said to be equalised if the channel impairments can be eliminated or significantly reduced. 

[0007] In the field of this invention, the most conventional strategy in estimating radio channel propagation conditions 
is to model the radio channel by a finite impulse response (FIR) filter. The channel estimation is typically performed by 
periodically transmitting a known data sequence, generally referred to as a training sequence, over the desired radio 
30 channel. Such training sequences are a-priori known by the receiver. The training sequence is extracted from the 
received, desired data stream and is used to compute channel estimates. 

[0008] In the field of this invention, namely that of Orthogonal Frequency Division Multiplexed (OFDM) systems, also 
termed multi-carrier systems, the data stream is divided into several (N) sub-streams. These sub-streams are trans- 
mitted on 'N' orthogonal sub-carriers at different frequencies, for example by means of an inverse fast Fourier transform 

35 (IFFT) at the transmitting unit. 

[0009] One of the main advantages of OFDM systems is their very simple equalization scheme, which is reduced to 
a multiplication of the FFT outputs (of each carrier frequency) by the frequency domain channel coefficients. Of course, 
the true channel coefficients are unknown, and have to be estimated. As an illustration, the mean square error between 
the true channel coefficients and the channel coefficients at time 0 (time 0 being chosen when a training symbol is 

40 received) is plotted in function of time on FIG. 1 , for an HIPERLAN/2 channel with a mobile terminal moving at 3m/s. 
[0010] Referring now to FIG. 2, a classical Bit interleaved and convolutionally coded (BICC) OFDM system 200 is 
shown. The BICC OFDM system 200 includes a BICC OFDM transmitter 210. The BICC transmitter 210 receives a 
data stream 212 dj and convolutionally codes 215 the data stream to produce an output bj 217. The convolutionally 
coded output bj 21 7 is input to a bit interleaver 220. The output from the bit interleaver 220 is then input to a mapping 

45 function 225, which associates a subset of bits x^ 228 to a location on a constellation. The type of constellation generated 
by the transmitter 210 is dependent upon the modulation scheme employed by the OFDM modulator 230. The OFDM 
modulator then outputs the OFDM modulated signal over the communication channel 235. 

[0011] A BICC OFDM receiver 250 receives the OFDM modulated signal over the communication channel 235. In 
effect, the receiver 250 performs the inverse operations of the BICC OFDM transmitter 21 0. In this regard, the receiver 

50 250 includes an OFDM demodulator 255 to translate the received constellation locations into a sequence of bit subsets. 
The bit subsets are then input to a demapping function 260. In the demapping function, bit metrics are computed to 
feed the Viterbi decoder 270. This computation involves the frequency channel coefficients, which must be estimated 
periodically. A bitdeinterleaving function 265 arranges the received bit-stream for decoding in the Viterbi decoder 270. 
[0012] The above receiver arrangement presents a number of significant drawbacks. In particular, the process to 

55 demap, decode and perform channel estimation separately, as three distinct and independent functions, only enables 
the respective individual operations to be optimised. 

[0013] In J. Boutros, C. Lamy, F. Boixadera, "Bit-interleaved coded modulation for multiple-input multiple-output 
channels", IEEE ISSSTA , Sept. 2000, a method performing joint de-mapping, decoding and channel estimation using 
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an estimation-maximisation (EM) algorithm and a turbo-demodulation procedure has been proposed. However, the 
proposed algorithm has been derived in a single carrier context and is therefore unsuitable for OFDM implementation. 
[0014] A turbo channel estimation method using EM algorithm in an OFDM context has been proposed in E. Jaffrot, 
M. Siala, "Turbo channel estimation for OFDM systems on highly time and frequency selective channels", Proc. 
5 ICASSP2000. However, the channel estimation method assumes, as a pre-requisite, a phase-shift keyed (PSK) mod- 
ulation scheme. As such, the method is limited in its applications and works only for binary PSK (BPSK) and quadrature 
PSK (QPSK) mapping. Thus, it cannot be applied to high bit rate applications such as HIPERLAN/2 (which uses a 
quadrature amplitude modulation (QAM) scheme). Moreover, it uses pilot carriers, which reduces the application bit 
rate. 

10 [0015] Thus, there exists a need in the field of the present invention to provide an improved channel estimation 
method in an OFDM communication system, wherein at least some of the aforementioned disadvantages may be 
alleviated. 

Statement of Invention 

15 

[0016] The present invention provides a method of channel estimation and a receiver for performing channel esti- 
mation as described in the accompanying claims. 

Brief Description of the Drawings 

20 

[0017] 

FIG. 1 illustrates a graph of mean square error (MSE) for a BRAN A channel with a mobile terminal (MT) moving 

at 3m/s; and 

25 

FIG. 2 shows a simplified processing block diagram of a bit-interleaved and convolutionally coded OFDM commu- 
nication system. 

[0018] Exemplary embodiments of the present invention will now be described, with reference to the accompanying 
30 drawings, in which: 

FIG. 3 illustrates a wireless communication unit adapted in accordance with a preferred embodiment of the present 
invention; 

35 FIG. 4 illustrates a channel estimation model applicable to the preferred embodiment of the present invention. 

FIG. 5 illustrates a block diagram of a decoding unit adapted in accordance with a preferred embodiment of the 
present invention; 

40 FIG. 6 illustrates two examples of mapping that can be used in the preferred embodiment of the present invention; 

FIG. 7 illustrates a model of an OFDM system used in the preferred embodiment of the present invention; 

FIG. 8 illustrates a block diagram of a decoding unit's forward-backward algorithm in accordance with a preferred 
45 embodiment of the present invention; and 

FIG. 9 shows bit-error-rate simulation results of the channel estimator according to the preferred embodiment of 

the invention. 

50 Description of Preferred Embodiments 

[0019] In summary, the preferred embodiments of the invention described below perform blind channel estimation 
for each OFDM symbol, which allows the receiver to track the channel variations, and consequently to increase the 
time between training sequences. In particular, the channel estimate of the frequency channel coefficients for each 
55 OFDM symbol is performed using an Expectation-Maximization (EM) algorithm that includes estimated channel coef- 
ficients using at least one other, and preferably all the other sub-carriers. 

[0020] Referring now to FIG. 3, there is shown, by way of example, a block diagram of a wireless communication 
unit, adapted to support the inventive concepts of the preferred embodiments of the present invention. The wireless 
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communication unit 300 contains an antenna 302 preferably coupled to an antenna switch 304 that provides isolation 
between a receiver and a transmitter chain within the wireless communication unit 300. 

[0021] The receiver chain shown includes receiver front-end circuitry 306 (effectively providing reception, filtering 
and intermediate or base-band frequency conversion). The front-end circuit 306 is serially coupled to a signal process- 
ing function 308. An output from the signal processing function is provided to a suitable output device 310. 
[0022] The signal processing function 308 performs all signal processing functions for the wireless communication 
unit 300, including demodulation, de-mapping, bitdeinterleaving, channel estimation and decoding. In accordance with 
the preferred embodiments of the present invention, the signal processing unit 308 has been adapted to perform EM- 
based channel estimation, using probabilities on coded bits. These probabilities may be provided by any channel 
decoding scheme yielding soft outputs, e.g. a so-called BCJR algorithm - see L. Bahl, J. Cocke, F. Jelinek and J. Raviv, 
"Optimal Decoding of Linear Codes for Minimizing Symbol Error Rate", IEEE transaction on Information Theory, March 
1974. The preferred embodiment uses a turbo-demodulation process, such that it is able to jointly perform de-mapping 
and decoding of the received signal. The signal processing function 308 is further adapted inasmuch as it employs a 
new channel estimation method, as is further described with regard to FIG. 5. 

[0023] The receiver chain shown also includes received signal strength indicator (RSSI) circuitry 31 2 (shown coupled 
to the receiver front-end 306, although the RSSI circuitry 312 could be located elsewhere within the receiver chain). 
The RSSI circuitry is coupled to a controller 314 for maintaining overall subscriber unit control. The controller 314 is 
also coupled to the receiver front-end circuitry 306 and the signal processing function 308 (generally realised by a 
digital signal processor (DSP)). The controller 31 4 may therefore receive bit error rate (BER) or frame error rate (FER) 
data from recovered information. The controller 31 4 is coupled to the memory device 31 6 for storing operating regimes, 
such as decoding/encoding functions and the like. A timer 318 is typically coupled to the controller 314 to control the 
timing of operations (transmission or reception of time-dependent signals) within the wireless communication unit 300. 
[0024] As regards the transmit chain, this essentially includes an input device coupled in series via transmit signal 
processor 328 to a transmitter/ modulation circuit 322. Thereafter, any transmit signal is passed through a power am- 
plifier 324 to be radiated from the antenna 302. The transmitter/ modulation circuitry 322 and the power amplifier 324 
are operationally responsive to the controller, with an output from the power amplifier coupled to the duplex filter or 
circulator 304. The transmitter/ modulation circuitry 322 and receiver front-end circuitry 306 comprise frequency up- 
conversion and frequency down-conversion functions (not shown). 

[0025] Of course, the various components within the wireless communication unit 300 can be arranged in any suitable 
functional topology that is able to utilise the inventive concepts of the present invention. Furthermore, the various 
components within the wireless communication unit 300 can be realised in discrete or integrated component form, with 
an ultimate structure therefore being merely an arbitrary selection. The preferred decoding and channel estimation 
function can be implemented in software, firmware or hardware, with the function being implemented in a software 
processor (or indeed a digital signal processor (DSP)) that performs the decoding function, merely a preferred option. 
[0026] The transmitter signal processor 328, which is shown as being distinct from the receiver signal processor 308 
for clarity purposes only, includes a convolutional encoder or a turbo-coding function. 

[0027] In accordance with a preferred embodiment of the present invention, an improved channel estimation algo- 
rithm for the OFDM system is included. The channel estimation uses an Expectation-Maximisation (EM) algorithm. 
This is a parametric estimation algorithm, which attempts to estimate the parameters '9' 404 of a system 400 from the 
observations of its output y 406 blindly without knowing its input x 402, as shown in the model in FIG. 4. 
[0028] The EM algorithm is an iterative procedure, which maximizes the likelihood function in two steps: 

(i) A first Expectation step (E-step): which comprises a computation of: 

EJP(x| y,O^P^)] [1] 

and 

(ii) A second Maximization step (M-step): 



0^^^*^ =argmaxP(yl^,jc^^^) [2] 
In a practical implementation, the maximisation (M-)step is performed by maximizing the auxiliary function: 
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Q(Q,e^^^) = EJIogP(x, y|9)|y,e^^^] [3] 

[0029] In accordance with the preferred embodiment of the present invention, the auxiliary function of the channel 
estimation algorithm has been adapted to take into account OFDM specificities. Indeed, the auxiliary function has been 
rewritten as: 



where: stands for the vector /-/with a Con the rri^^ component. This allows, when estimating the channel coefficient 
of the m-th sub-carrier, to use and take advantage of the prior estimations of the channel coefficients of the other 

^5 frequency domain sub-carriers. 

[0030] In addition, the Expectation step has been configured to be an estimation of the probability on decoded bits, 
which are needed for the M-step. These probabilities are provided by any decoding scheme yielding soft outputs. 
Furthermore, the preferred embodiment of the present invention, proposes to use a turbo-demodulation procedure, in 
order to optimise jointly the de-mapping and the decoding steps. In this manner, the decoding algorithm leads to a 

20 much better performance than a non-iterative decoding scheme. 

[0031] However, it is within the contemplation of the invention that the inventive concepts herein described are ap- 
plicable to any convolutional encoder, i.e. it is applicable for any rate and any puncturing scheme. Furthermore, the 
decoding scheme of the present invention can be applied to any encoded data that can be decoded by a soft output 
decoder, i.e. any convolutional or turbo decoder. 

25 [0032] Referring now to FIG. 5, a block diagram model 500 of the preferred channel estimation procedure is illus- 
trated. The received data stream 505 is demodulated in OFDM demodulation function 510. The output from the de- 
modulation function 510 is input to a channel estimation function, which incorporates an estimation function 520 and 
a maximization function 550. 

[0033] The OFDM demodulated signal is input to a de-mapping function 525, which outputs de-mapped signals to 
30 a deinterleaving function 530, and thereafter to a soft output decoder function 535. In this manner, the channel esti- 
mation function is operational over both the de-mapping and decoding functions. 

[0034] The de-mapping function in the preferred embodiment, i.e. the function that associates a subset of bits to a 
modulation constellation location, is able to operate with any labelling map. For example, as shown in FIG. 6, the de- 
mapping operation may be performed on a subset of a 16-QAM signal, which is composed of four bits. Each subset 

35 has to be associated to one of the sixteen positions of the constellation. There are a number of different ways to define 
the association function, which affect the performance of the decoding system. For example, constellation 61 0 in FIG. 
6 illustrates a Gray labelling structure, which is deemed optimum when a Viterbi decoder is used. However, when turbo- 
demodulation is used, an alternative mapping format such as the set partitioning format 620 may provide better results. 
[0035] The output from the decoding function 535, is fed back to the de-mapping function 525 via an interleaving 

40 function 540. The output from the improved estimation function 520 is input to a maximization function 550. The output 
from the maximization function 550 is input to the de-mapping function 525. 

[0036] It is noteworthy that this arrangement also yields decoded bits, in a bit-stream 535. The bit decisions are made 
from decision function 560. Thus, the improved channel estimation arrangement is a joint channel estimation and 
decoding scheme. 

45 [0037] In accordance with the preferred embodiment of the present invention, the channel estimation operation has 
been adapted to take into account the OFDM specificities, using the coded bits on neighbouring frequency channels 
[0038] Referring now to FIG. 7, a block diagram of a parallel equivalent representation of a cyclic-prefix OFDM 
modulator-demodulator 700 is illustrated. In effect, an OFDM transmitter wishes to emit a set of bits 



50 



55 



<m<M 
\Sn<N 



702 over a channel 



5 
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using, say, a 2^-QAM scheme 704. 
[0039] First every subset of Nbits 



\rn Jl< 



702 is modulated into a symbol x^. In the OFDM context, the 



i^m }i< 



symbols 706 are transformed from a frequency domain representation into a time domain using an inverse fast fourier 
transform (IFFT). The time-domain signals are then serialized and convolved by the channel filter. The signals are 
effectively corrupted by noise 



732 before they are finally returned into the frequency domain using a FFT (not shown) to produce an output signal 



734. 

[0040] It is noteworthy that in a standard OFDM transmitted signal, the signal is confined into a spectrum mask by 
precluding some carriers from being used, especially the ones at the top and the bottom of the FFT In this regard, 
such carrier values are set to zero. 

[0041] An important characteristic of OFDM communication systems, utilised in the preferred embodiment of the 
present invention, is that OFDM systems are dimensioned so that the length of the channel impulse response ('CIR') 
is smaller than the cyclic prefix size. Accordingly, it is possible to use the classical OFDM system model representation 
of FIG. 7. 

[0042] Let us consider the case where h is a vector of M independent variables, with its first L components being L 
independent Rayleigh fading values with variance Oy^, 1 = 1, L. Let us further assume that the M-L other components 
are independent Rayleigh fadings with a small variance e^. 

[0043] If the variance e is small enough, h has been determined as providing a reasonably good model of the time 
domain channel. This leaves the frequency domain channel as being represented by: 



H -Fh, witli F = 



M I 



[5] 



,Jk)e[l,Mr 



[0044] In accordance with the preferred embodiment of the present invention, let us define a new auxiliary function 
that provides an improved estimate of a channel coefficient H^. It is noteworthy that the improved channel estimate 
considers the channel coefficients on all other carriers in order to refine/track the primary channel coefficient. 
[0045] The inventors have appreciated that knowledge of the channel coefficients from other carriers is useful, as 
the decoder needs an estimate of the frequency channel coefficients 



l<m<M 



to eradicate the channel effects from the received coded bits. Indeed, in the preferred embodiment of the present 
invention, the frequency channel coefficients from the Fourier transform of the time channel coefficients 
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{hi}i<i<L 

are utilised in tliis regard. 
[0046] Tlius: 

H= Fh [6] 

Wliere: 

H is a column vector of 



/7 is a column vector of 

filled with zeros for the M-L last coefficients, and 
Fis a 'MX /W' matrix filled with Fourier coefficients. 

[0047] At the opposite end of the time domain, the values of elements of H are unknown. Indeed, due to the intro- 
duction of white noise in the model, it can be readily assumed that all of the elements are corrupted. 
[0048] The inventors of the present invention have appreciated that a standard channel estimation method, such as 

A y 

=-^, where is a known symbol, leads to a poor result. 

[0049] In contrast, the proposed method of using the knowledge of the channel coefficients from other carriers helps 
to refine the values of channel estimate. In particular, the definition of the statistical model h and the cost function are 

key distinguishing features of the inventive concepts of the present invention. 
[0050] Thus, in the auxiliary function, we addw^'«> in the following manner: 



[0051] Where: 

stands for the vector Hwith a Oon the rri^^ component. 

[0052] The maximization of this function leads, after some computational effort, to the following channel estimate 
update formula: 



[8] 



where: 
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and 



Y^crf + iM^DeX. [10] 



S is the information carriers selection matrix. When dealing with a full sub-carrier OFDM symbol, can be rewritten into: 

15 
20 

[0053] It is noteworthy that the general expression of of equation [9] tal^es into account the fact that some sub- 
carriers are not used, which is always the case in practice. 

[0054] In practice, three parameters are needed to implement the aforementioned formula, namely: P(y^ hf^^), 
P(xJ and^o") . 

25 [0055] If we assume that the channel additive noise is a Gaussian white noise of variance a^, P(yjx^, a/^^ )may be 
viewed as: 

'° P(yJ^^.«L^')=^e [12] 

no 

[0056] Where: 

35 P(^m) product of the probabilities of each coded bit involved in the symbol x^. The turbo-demodulation 

process provides an estimation of these probabilities. Thus, P(x^) is the result of the E-step; and 

H<»> is unknown, but each of its component may be taken as the current estimate of the channel coefficient, i. 
e.^r = H<^^^^ for i<m and///-^ = H^^^for r>m. 

40 

[0057] However, the inventors of the present invention have recognised that the above methodology would lead to 
the last set of coefficients being estimated more accurately than the first set of coefficients. Hence, to remove this 
drawback and improve the estimation, the inventors propose implementing a 'f onward-backward' procedure to further 
improve the channel refinement. 

45 [0058] The preferred implementation of the forward/backward process is illustrated in FIG. 8. The channel refinement 
is performed on a carrier-by-carrier basis. Received data is input to the Turbo demodulation estimation process 804, 
as illustrated in FIG. 6. Furthermore, the received data is also input to the maximization process 806, which comprises 
an algorithm having two steps, i.e. one 'forward' step 808 and one 'backward' step 810. The operation of the forward 
step 808 and the backward step 810 is performed on the received data and the channel estimation values output 812 

50 from the estimation algorithm 804. The operation of the forward step 808 and the backward step 810 is performed 
making bit decisions 814 using the information bit probabilities. The output of the process is a sequence of received 
bits 816. 

[0059] In accordance with the preferred embodiment of the present invention, the forward step is implemented as 
follows: 

55 The coefficients are estimated from m=1 to m=M. 

[0060] In this step, when computing the channel coefficient on sub-carrier m, the channel coefficient estimates on 
the other sub-carriers 1 , such that m<1<M, come from the previous iteration. The channel coefficient estimates on the 
other sub-carriers 1 such that 1 ('one') <1<m come from the actual iteration. 



10 



M 
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[0061] The backward step is implemented as follows: 

The coefficients are estimated from m=M\.o m=1, using the estimates of the forward step. 
[0062] In this step, when computing the channel coefficient on sub-carrier m, the channel coefficient estimates on 
the other sub-carriers 1 such that m<1<M come from the forward step, and the channel coefficient estimates on the 
5 other sub-carriers 1 such that 1 ('one') <1<m come from the present backward step. 

[0063] In this manner, approximately the same level of accuracy of each channel coefficient can be achieved, thereby 
improving the channel estimate performance. 

[0064] To fully evaluate the performance of this method, a set of Monte-Carlo simulations was performed over two 
hundred channels to estimate the bit error rate (BER) and the packet error rate (PER). The simulation context was 
10 performed using one hundred OFDM symbols of sixty-four sub-carriers preceded by two pilot symbols. This is useful 
in obtaining a first channel estimate. The simulation was performed over sixteen independent Rayleigh fading channels. 
A half rate convolutional encoder (035, 023) was used. Symbols were bit-interleaved with a random pattern and mod- 
ulated by a 16-QAM constellation. 

[0065] The results of the simulation are illustrated in FIG. 9 and FIG. 10. Referring now to FIG. 9, a comparison of 
15 the average BER versus signal to noise ratio (SN R) is illustrated for an OFDM system. FIG. 1 0 illustrates a comparison 
of the average PER versus SNR for the OFDM system. 

[0066] In both FIG. 9 and FIG. 10, the OFDM system does not refine channel estimates and performs only two 
iterations of the turbo-demodulator per global iteration. Three curves are shown: 

20 (i) A first curve indicates the performance without employing the inventive concepts herein before described, iden- 

tified as 'NONE 2 TD'; 

(ii) A second curve illustrates the performance when implementing the proposed invention, identified as '1 

EM-OFDM-SS 2 TD for 82=3e-3; and 

(iii) A third curve illustrates the performance when implementing the proposed invention, identified as '1 
25 EM-OFDM-SS2 2 TD' for ^^=^ e""" 6. 

[0067] It is noteworthy that, by implementing the inventive concepts herein described, an improvement of around 
2dB in BER/PER can be achieved. Moreover, provided that the variance e parameter is small enough the setting of 
the parameter is not critical. Hence, the user does not have to perform precise tuning on the variance e parameter. 
30 [0068] It is within the contemplation of the invention that the aforementioned inventive concepts can be applied to 
any element in the communication system that performs decoding and channel estimation, for example a BTS com- 
munication unit and/or a MS. 

[0069] In the preferred embodiment of the present invention, the maximization step utilises a forward-backward ap- 
proach. However, it is within the contemplation of the invention that alternative maximization techniques may be used 
35 in the decoder such that the decoder is still able to benefit from the inventive concepts described herein. 

[0070] It will be understood that a method of channel estimation performed by a communication unit operating in an 
OFDM communication system as described above, tends to provide at least some of the following advantages: 

(i) A mechanism to perform jointly de-mapping, decoding and channel estimation is described, whereby their per- 
40 formance can be globally optimised. In particular, the modification of the EM cost function results in the modification 

of the channel update formula, which provides an improved decoding performance. 

(ii) There is no estimation error in a noiseless case. In practice, this means that the proposed estimator performs 
better than the strongest-path method based estimator for high SNR conditions. 

45 

(iii) Estimation noise is partially removed from the selected channel coefficients. 

(iv) There is minimal additional complexity when compared to prior art arrangements. 

50 (v) The inclusion of OFDM specificities in a novel and inventive approach enables bit-interleaved coded modulation 

improvements proposed by J. Boutros et al. to be translated to an OFDM scenario. In particular, the inventive 
concepts can be applied to any kind of mapping, and does not use pilot carriers. Nevertheless, the inventive 
concepts hereinbefore described may be used in the presence of pilot carriers, if desired. 

55 [0071] Whilst specific, and preferred, implementations of the present invention are described above, it is clear that 
one skilled in the art could readily apply further variations and modifications of such inventive concepts. 
[0072] Thus a method of channel estimation performed by a communication unit operating in an OFDM communi- 
cation system has been provided wherein at least some of the aforementioned disadvantages with prior art arrange- 
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merits have been alleviated. 



Claims 

1. A method of channel estimation in a wireless orthogonal frequency division multiplexed (OFDM) communication 
system (700), comprises the steps of: 

receiving a signal in the time domain; 

applying a Fourier transform to said received signal to obtain a frequency domain signal including a plurality 
of sub-carriers; 

estimating probabilities of coded bits for at least said plurality of frequency domain sub-carriers; and 
performing channel coefficient estimation for at least said plurality of frequency domain sub-carriers 

characterised in that 

said step of performing channel coefficient estimation for each of said plurality of frequency domain sub- 
carriers uses channel coefficient estimates for at least one other of said plurality of frequency domain sub-carriers. 

2. A method of channel estimation according to Claim 1 , wherein said step of performing channel coefficient estimation 
for substantially each of said plurality of frequency domain sub-carriers uses channel coefficient estimation benefits 
from said channel coefficient estimates for substantially all the other frequency domain sub-carriers of said plurality. 

3. A method of channel estimation according to Claim 2, wherein said plurality of frequency domain sub-carriers 
comprises substantially all the sub-carriers of said frequency domain signal. 

4. A method of channel estimation according to any preceding Claim and comprising repeating said steps of estimat- 
ing probabilities and performing channel coefficient estimation so as to improve iteratively an accuracy of said 
channel coefficient estimates. 

5. A method of channel estimation according to Claim 4, wherein the kth channel coefficient estimation is substantially 
In accordance with the following equation: 



where is the (p+/)th estimate and the pth estimate of the channel coefficients, is the received data 

corresponding to the transmitted data Xf^, is the channel noise variance, is the channel coefficient vector H 
with a 0 on the /c^^ component and A""", and have the meanings indicated hereinabove. 

6. A method of channel estimation according to any of Claim 4 or 5, wherein the step of performing channel coefficient 
estimates comprises replacing previously estimated channel coefficients of said plurality of frequency domain sub- 
carriers with respective current channel coefficient estimates. 

7. A method of channel estimation according to any of Claims 4 to 6, wherein repeating said step of performing 

channel coefficient estimation comprises applying a cost function on an Expectation-Maximization algorithm on 
said plurality of frequency domain sub-carriers to improve said channel coefficient estimates. 

8. A method of channel estimation according to Claim 7, wherein said step of performing a channel coefficient esti- 
mation includes calculating an auxiliary function, the method further characterised by the step of: 

performing a Maximisation process on said auxiliary function in substantially the following manner: 
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A method of channel estimation according to any of Claims 4 to 8, wherein said step of performing a channel 
coefficient estimation includes applying a forward-backward algorithm on said received signal to said plurality of 
channel coefficient estimates in which estimates are made in a first order of said plurality of frequency domain 
sub-carriers and subsequently estimates are made in a reversed order of said plurality of frequency domain sub- 
carriers so as substantially to equalise an estimation accuracy across said plurality of frequency domain sub- 
carriers. 

0. A method of channel estimation according to any preceding Claim, wherein said step of channel estimation is 
performed on received data that is decoded by a soft output decoder, said decoder providing estimations of said 
probabilities. 

1. An orthogonal frequency division multiplexed (OFDM) receiver for a method of channel estimation as claimed in 
any preceding Claim, and comprising: 

demodulation means for applying said Fourier transform to said received signal to obtain said frequency do- 
main signal including a plurality of sub-carriers; 

decoding means for decoding the received signal and estimating said probabilities of coded bits for at least 
said plurality of frequency domain sub-carriers; and 

channel estimation means for performing channel coefficient estimation for each of said plurality of frequency 
domain sub-carriers using channel coefficient estimates for at least one other of said plurality of frequency 
domain sub-carriers. 
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mation through a wireless communication channel com- 
prising the steps of: 

receiving a stream of databits of a given data rate 
applying one unique encoder for creating a set of U 
substreams of the same data rate than said stream 
of data bits; 

modulating each of said substreams in accordance 
with a modulation scheme; and 
transmitting each of said U substreams to one dif- 
ferent transmission antennas. Preferrably, the U 
substreams are interleaved and randomly spread- 



In the receiver, the received signal is processed by 
means of a front-end matched filter in order to generate 
a first statistics of the said U sub-streams. There is then 
applied a controllable iterative interference cancellation 
process in order to suppress ISI and Self-MAI from said 
first statistics and, for each of the U sub-streams, dein- 
terleaving and applying a parallel to serial processing. 
The serialized data stream is then input to a decoder, 
such as a Viterbi decoder, and a feedback loop regen- 
erating U sub-streams is used to control the interference 
canceller. 
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Description 

Technical field of the invention 

5 [0001 ] The invention relates to digital telecommunication systems and more particularly to a process for transmitting 
and receiving information through a wireless channel which is well suited to transmission and reception diversity. 

Background art 

10 [0002] Wireless communication are constantly developing, providing new services and products, including digital 
cellular, wireless local loop and satellite systems. 

[0003] Wireless communication systems were traditionally based on the use of one unique communication channel 

involving one antenna for the transmitter and one antenna for the receiver. Such a communication channel is illustrated 
in figure 1a which shows a transmitter 1 communicating with a receiver 4 via antennas 2 and 3. As known in the art, 

15 the data rate of such a communication system is limited by the actual capacity of the channel, an evaluation of which 
can be derived from a measurement of the signal to noise ratio and also from the bandwidth of the transmitted signal. 
The use of error correcting codes in the transmission path, such as provided by convolutional encoders, allows the 
increase of the data rate and also that of the robustness of the communication in terms of bit error rates. For instance, 
as shown in figure 1 a, starting from a data rate of 500 kbps (of useful information) , the output of the convolutional 

20 encoder having a code rate of one half produces a stream of data of 1 Mbps of encoded bits and this higher symbol 
rate is forwarded to the transmission channel. 

[0004] Spatial transmission and reception diversity were developed for the purpose of increasing the capacity of the 
channel. 

[0005] Transmission diversity - an example of application being Linear Space Time encoding - is based on the trans- 
25 mission of different substreams - for instance U substreams derived from one main datastream - which are transmitted 
through different antennas. Transmission diversity can be associated with the concept of reception diversity where the 
signal is received in the receiver through a set of different antennas. 

[0006] Transmission diversity and reception diversity can be combined in order to increase the capacity of the chan- 
nel. Such an example is described and discussed in prior art document "V-BLAST: An architecture for realizing Very 

30 High Data Rates Over the Rich Scattering Wireless Channel" , by P.W. Wolniansky et al. Bell Laboratories, Lucent 
Technologies, Crawford Hill Laboratory, 791 Holmdel-Keyport Rd. , Holmdel , NJ 0773 . In this technique, as shown 
in figure 1 b, the user's data is encoded via an encoder 1 0 which produces m different sub streams which are forwarded 
to a set of m transmitters (11-1 to 11-m), then reaching m corresponding antennas (12-1 to 12-m). In the receiver, a 
set of n receivers (1 7-1 to 1 7-n) associated to corresponding antennas (1 6-1 to 1 6-n) produces a set of n sub streams 

35 which are decoded into a decoder 18 which performs the estimation and the decoding of the information. 

[0007] Another example of transmission diversity is discussed in the article "Performance of Space-Combining trans- 
mission diversity with OFDM for broadband Wireless Access Systems", by Nobuaki MOCHIKUZI et al, NTT Access 
Network Service Systems Laboratories, 1-1 Hikaro-no-oka, Yokosuka-shi , Kanagawa, 239-0847 Japan. 
[0008] While the technique of transmission diversity shows to be a very promising technique for wireless communi- 

40 cation, it is complex to carry out. Firstly, the main data stream, which is provided in a communication system by the 
upper layer has to be divided in the known technique into different sub streams, and each sub stream has to be indi- 
vidually processed by a complex architecture, including multiple convolutional encoders. This substantially increases 
the amount of hardware and software components and, thus, increases the cost of the systems. 
[0009] Clearly, this results in a complex architecture for both the transmitter and the receiver and it is desirable to 

45 provide a technique of transmission and reception diversity which substantially facilitates the design and the manufac- 
turing costs of the transmitters and receivers in mobile communications. 

Summary of the invention 

50 [0010] It is an object of the present invention to provide a transmission and reception diversity technique which is 
based on a simple mechanism while increasing capacity and robustness to radio channels impairments. 
[0011] This object is achieved by a process for transmitting and receiving information through a wireless communi- 
cation channel. The transmission process comprises the steps of: 

55 - receiving a stream of databits of a given data rate 

applying one unique encoder for generating an encoded data stream; 

multiplexing said encoded data stream for the purpose of creating U different sub streams; 

interleaving each of said sub streams; 



2 



EP 1 447 934 A1 



modulating each of said U sub streams in accordance witli a modulation scheme; and 
transmitting each of said U substreams to one different transmission antenna. 

[0012] Therefore, there is only needed one unique encoder receiving the databits stream from a upper layer which 
5 allows the increase of the capacity and the robustness. 

[0013] The encoder can be any kind of encoder: turboencoder, Low Density Parity Checl^ (LDPC) encoder or con- 
volutional encoder for directly producing the different substreams. Preferably, the process involves a specific encoder, 
based on a convolutional encoder, which provides great simplicity. 

[0014] In one particular embodiment, the different sub streams are random interleaved, random spread and BPSK 
10 modulated. 

[0015] In the receiver, the process involves the steps of: 

applying a bank of matched filters to the received signals in order to generate first statistics of the said U sub- 
streams; 

15 - applying a controllable iterative interference cancellation process in order to suppress Intersymbol Interference 
(ISI) and Self-MAI (Multiple Access Interference) from said first statistics, 
de-interleaving each of said U sub- streams ; 

applying a parallel to serial converter to the de-interleaved sub-streams; 
applying a decoder 

20 - applying a feedback loop fed with the output of said decoder in order to control said interference cancellation 
process from the output of said decoder. 

[0016] In one preferred embodiment, the first statistics are generated during the first iteration of said bank of matched 
filters. 

25 [0017] Preferrably, the feedback loop comprises a serial to parallel converter providing U substreams and, for each 
substream, a demodulation block and a interleaver corresponding to the interleaver used in the transmit process. 
[0018] In a preferred embodiment, the decoder in the receiver is a VITERBI decoder and the feedback loop involves 
a weighting mechanism. 

[0019] The invention is well suited for the realization of a communication system having one or more antennas at 
30 both the transmitter and receiver. Particularly, the receiver may be a UMTS TDD mobile receiver. 

Description of the drawings 

[0020] An embodiment of the invention will now be described, by way of example only, with reference to the accom- 

35 panying drawings, wherein: 

Figure 1 a illustrates a communication channel based on one unique antenna for the transmitter and one for the 
receiver. 

40 Figure 1b illustrates the principle of a known prior art technique based on transmission and reception diversity 

Figure 2 illustrates the general architecture of the transmitter in accordance with the present invention. 
Figure 3 illustrates the general architecture of the receiver. 

45 

Figure 4a shows a simulation for an encoder having a rate of 14, two antennas for the transmitter and one for the 
receiver (2Tx, 1 Rx) and a Spreading Factor (SF) equal to 16, with a single path channel and two iterations. 

[0021] Figure 4b shows a simulation for an encoder with a rate of 14 on a frequency selective channel, with two 
50 antennas for the transmitter and one for the receiver (2Tx + 1 Rx), and a spreading factor (SF) equal to 1 , with a single 
path channel and 10 iterations. 

[0022] Figure 4c shows a simulation for an encoder with a rate of 14 with two antennas for the transmitter and one 
for the receiver (2Tx + 1 Rx), and a spreading factor (SF) equal to 16, with two paths and two iterations. 
[0023] Figure 4d shows a simulation for an encoder with a rate of 14 with two antennas for the transmitter and one 
55 for the receiver (2Tx + 1 Rx), and a spreading factor (SF) equal to 16, with two paths and ten iterations. 

[0024] Figure 4e shows a simulation with an encoder having a rate of Va with four antennas for the transmitter and 
one for the receiver (4Tx + 1 Rx), and a spreading factor (SF) equal to 16, with one single path and 2 iterations. 
[0025] Figure 4f shows a simulation with an encoder having a rate of Id with four antennas for the transmitter and 
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one for the receiver (4Tx + 1 Rx), and a spreading factor (SF) equal to 1 , witin one single path and 1 0 iterations. 

[0026] Figure 4g shows a simulation with an encoder having a rate of Va with four antennas for the transmitter and 

one for the receiver (4Tx + 1 Rx), and a spreading factor (SF) equal to 16, with two paths and 2 iterations. 

[0027] Figure 4h shows a simulation with an encoder having a rate of Ya. with four antennas for the transmitter and 
5 one for the receiver (4Tx + 1 Rx), and a spreading factor (SF) equal to 1 , with two paths and 1 0 iterations. 

[0028] Figure 4i shows a simulation with an encoder having a rate of ¥2 with two antennas for the transmitter and two 

for the receiver (2Tx + 2Rx), and a spreading factor (SF) equal to 16, with one single path and 2 iterations. 

[0029] Figure 4j shows a simulation with an encoder having a rate of ¥2 with two antennas for the transmitter and two 

for the receiver (2Tx + 2Rx), and a spreading factor (SF) equal to 1 , with one signle path and 10 iterations. 
10 [0030] Figure 4k shows a simulation with an encoder having a rate of ¥2 with two antennas for the transmitter and 

two for the receiver (2Tx + 2Rx), and a spreading factor (SF) equal to 1, with two paths and 10 iterations and beta 

weighting. 

[0031] Figure 5 illustrates the preferred embodiment of the transmitter in a situation of transmission and reception 
diversity. 

15 [0032] Figure 6 illustrates the preferred embodiment of the receiver using BPSK modulation and a parallel to serial 
converter 64. 

[0033] Figure 7 illustrates an embodiment of the receiver using a weighting process for the iterative canceller 82 
[0034] Figure 8a shows one preferred embodiment of an encoder for a transmitter achieving encoding and multi- 
plexing by two in order to generate two substreams. 
20 [0035] Figure 8b shows one preferred embodiment of an encoder for the transmitter which achieves both encoding 
and multiplexing by three in order to generate three substreams. 

Description of the preferred embodiment of the invention 

25 I. General structure of the transmitter and receiver 

1 .1 ■ The Transmitter 

[0036] Figure 2 illustrates the general structure of one transmitter which achieves transmission diversity in accord- 
30 ance with the present invention. Preferrably, the transmitter will be adapted to the realization of a Universal Mobile 
Telecommunications system communication (U.M.TS.) which, as known by the skilled man, is based on the direct 
sequence Code Division Multiplexing Access (C.D.M.A.) technique. As known by the skilled man, the UMTS standard 
is divided into two main technologies, namely, FDD and TDD. FDD (frequency division duplex) is based on DS-CDMA, 
and it is known as wideband CDMA or WCDMA. The other technology TDD (time division duplex) is based on a com- 
35 bination of CDMA and TDMA. Although the present description will be made in relation with UMTS-TDD, the skilled 
man will straightfon/vardly apply the teaching of the invention to UMTS-FDD as well. While CDMA is not part of this 
invention and will not be further developed, the reader will refer to the following technical references for more information 
about the CDMA concept: 

40 Lee's Essentials of Wireless Communications , by Dr. William C.Y Lee, Mc Graw-Hill; 

CDMA systems Engineering Handbook, by Jhong S. Lee, leonard E. Miller, 1998. 

CDMA RF System Engineering, by Samuel C. Yang, 1998; 

45 

Spread Spectrum CDMA Systems for Wireless Communications , Savo Glisic, Branca Vucetic ; 1997; 

CDMA: Principles of Spread Spectrum Communication, Dr. Andrew VITERBI 

50 Mobile Cellular Telecommunications Analog and Digital Systems, Dr William C. Y. Lee, McGraw Hill, 

Mobile Communications Engineering , Dr William C. Y. Lee, McGraw Hill 

[0037] The skilled man will straightfonwardly apply the teaching of this invention to non UMTS communications. 
55 Further, while the invention is particularly fitted for the realization of mobile terminals, such as mobile telephones, it 
should not be limited to the transmission of voice signals. 

[0038] The transmitter includes a set of U antennas for transmitting a single space time code symbol. An encoder 
20, having a coding rate of K/V, receives the information bits b^ [n] of a main user data stream and produces a bit stream 
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which data rate is multiplied by a factor of V/K. Any type of encoder can be used for embodying encoder 20, and 
particularly a convolutional encoder, a turbo encoder or a Low Density Parity Check (LDPC) encoder. At the output of 
encoder 20, the bit stream is entered into a multiplexer 21 which achieves distribution of the bits between a set of U 
substreams. 

5 [0039] Multiplexer 21 can be embodied in many different ways but is preferrably arranged in order to generate a set 
of U substreams, the value of which being equal to V/U the original data rate of the bitstream entering the encoder 20. 
[0040] In the remaining part of the description, K will be set to 1 and V will be equal to U so as the data rate of every 
substream (only two substreams being represented in figure 2) has exactly the same data rate than the original bit- 
stream entering encoder 20. Each substream which is generated by multiplexer 21 is processed by an interleaver 

10 (reap, interleaver 22-1 to 22-U) , and the interleaved substreams are then entered into an optional spreading element 
having a predefined spreading factor (resp. spreading element 23-1 to 23-U), followed by a linear modulator (resp. 
linear modulator 24-1 to 24-U).. Interleavers 22-1 to 22-U produce interleaving which is similar to that of the known Bit 
Interleaved Coded Modulation (B.I. CM.) and, further, modulators 23-1 to 23-U are preferrably Binary Phase Shift 
Keying (B.P.S.K.) modulators. After the linear modulation, the U different substreams are respectively transmitted to 

15 the channel through their corresponding antennas (resp. antennas 25-1 to 25-U). 

[0041] It can be seen that the transmitter achieves transmission diversity based on one unique encoder. Capacity 
and robustness are increased at the cost of a very simple system. 

[0042] In one preferred embodiment, the multiplexer 21 and encoder 20 are embodied by one unique element, which 

is based on a convolutional encoder as illustrated in figure 8a and 8b. 
20 [0043] Encoder 20 of Figure 8a is based on a bank 91 forming of a shift register having three taps. Two (modulo 2) 

adding block 92 and 93 are used for generating, from the contents of the said shift register, a set of two distinctive 

substreams. In one preferred embodiment, the adder 92 produces a first substream from generating polynom (1 , 0, 1 ) 

(octal 5) while the adder 93 generates a second substream from generating polynom (1 , 1 , 1 ) (octal 7). 

[0044] While, in the conventional way of realizing transmission diversity, the two substreams are combined by means 
25 of a serializer in order to produce a higher encoded data rate. In the particular embodiment of an encoding of 1/V, 

each substream - having the same data rate than the original data stream - is directly fonwarded to the corresponding 

transmitting antenna. 

[0045] This permits to easily achieve encoder 20 and multiplexer 21 by means of one unique process. The main 
data stream provided by the upper layer can thus be directly processed in order to generate two distinctive substreams 
30 of encoded bits. 

[0046] The structure of the transmitter is thus clearly simplified. 

[0047] Alternatively, different generating codes can be used. Figure 8b shows another non restrictive example of 
one encoder 20 producing, via three generating words (1 , 0, 1 ); ( 0, 1 , 1 ) and (1 , 1 , 1 ) (i.e. a (3, 5, 7) encoder) a set of 
three distinctive substreams which can be directly transmitted to three different antennas. This unique encoder com- 
35 prises shift registers 94 associated with modulo 2 adder elements 95, 96 and 97 , each producing one distinct sub- 
stream. 

[0048] Other types of encoders can be used. For instance, a four state, memory 2, with code generators (5,7) or 
alternatively, a four states, memory two and code generators (5, 7, 7, 7), etc... 

[0049] As described above, once generated, the U different substreams are random interleaved. It has been discov- 
40 ered by interleaving the U substreams significantly improves the transmission. They are then modulated, then spread 
and transmitted over independent flat or frequency selective channels. Additive White Gaussian Noise (AWGN) is 
added to the transmitted signals as well as the contribution of the other users. 

1 ■ 2 The receiver 

45 

[0050] Figure 3 illustrates the general structure of a receiver which is adapted to the transmitter of figure 2. 

[0051] The receiver comprises a set of R antennas (resp. 30-1 to 30-R) and, in the front end, a bank of matched 
filters (BMF) 31 for producing a first statistics of the U transmitted sub-streams. In addition to the MF bank 31, the 
receiver further includes an unique interference canceller 32 which receives the U output z-, to of BMF 31 and 

50 processes those so as to get rid of possible Intersymbol Interference (ISI) and Self-MAI (Multiple Access Interference). 
Interference canceller 32 is an iterative canceller also receives U feedback values returned by a set of U feedback loops. 
[0052] The U outputs generated by IC block 32 are respectively transmitted to a set of U de-interleaver (resp. 33-1 
to 33-U), and then to a demultiplexer 34 - preferrably a parallel to serial converter - for producing a serialized dataflow 
combining all the U substreams. 

55 [0053] A decoder 35 then receives the output of parallel to serial converter 34 and decisions are then applied in order 
to generate the estimated values of the original bits. Preferrably, decoder 35 is a hard type decoder, such as a Viterbi 
decoder for instance. 

[0054] The output of the decoder 35 is also used for producing a set of U feedback loops which will be used for the 
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iteration process of tine Interference canceller 32. To achieve this, the output of the Viterbi decoder 35 is transmitted 
to a multiplexer 36 - preferrably a serial to parallel converter - which produces again a set of U substreams, and each 
substreams is subject of a random interleaving through a corresponding interleaver (resp. Block 37-1 to block 37-U) 
and then to a linear modulator (resp. Block 38-1 to 38-U). Clearly, the interleavers 37-1 to 37-U as well as the linear 

modulator 38-1 to 38-U correspond to those of the transmitter of figure 2. 

[0055] After the first iteration, the output signal of the matched filters feeds the Viterbi decoder 35 for an initial esti- 
mation of the information bits, which estimates are used for controlling IC block 32. 

[0056] For the purpose of illustrating the effectiveness of the transmission process, there will be provided below 
some developments related to the signal modelisation. 



II. Signal modelisation 



[0057] The signal modelisation below is based on the use of convolutional codes, random interleaving, random 
spreading , BPSK modulation as well as the use of a VITERBI decoder. 

[0058] The system considers the information bits b[n] generated by an unique user (for clarity's sake but which could 
be extended to multiusers) is encoded by a convolutional code, which can be either rate R = 14, four states, memory 
two and code generators (5,7), or rate R = 1/4, four states, memory two and code generators (5,7,7,7). As mentioned 
earlier the encoded signal is divided into substreams that are random interleaved and BPSK modulated. Let a[n] 
represents the nth symbol generated that belongs to the set ±1. Thus, the codeword after interleaving for the lAh 
antenna is given by 



= [tt^[0],a^[l],...,a^[iV-l]]" 



(2.1.1) 



[0059] The spreading sequence for the u^^ antenna is represented as: 



= [5n[0],5^[l],...,Sn[L" 1] 



(2.1.2) 



with unit energy : 



[0060] The transmitter filter ^(t) is a square root raised cosine pulse shape filter with a roll-off factor of 0.22 . Thus 
the baseband signal representation is given by the following formula: 



N-l 



L-1 



Xu{t) - ciu[n] Su[l]i^{t - ITc - nT) 



(2.1.3) 



71=0 



1=0 



[0061] Where 8^ is the symbol energy, L is the processing gain, T is the symbol period, and T^ is the chip time. 
[0062] The transmitted signals undergo either flat or frequency selective fading channels given by : 



huit) = ''^^P^(^ - (2.1.4) 

[0063] Where is the number of resolvable fading paths, 1^, ^ is the p^^ path, and c^, p is the p^^ path coefficient, 
which is assumed to follow a Rayleigh distribution in amplitude and uniform distribution in phase with negligible Doppler 
and angular spread. 
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[0064] The signals which are received in the receiver of figure 3 can be written as the convolution of the linear 
superposition of U transmitted signals with the channel impulse response h^ (t): 



y(t) = X^{T)K{t-T)dtT + v{t) (2.1.5) 
u=l 
U N-1 

- ^X^a„H5„(t-nT) + K*) (2-1-6) 



where v(t) is the Gaussian noise and gL,(t) represents the overall channel impulse response for the u^'^sub-stream 
and can be written as: 

9u(t) = ^ s,,[i] J2 ""-^p - - 

and represents the overall channel impulse response for the uth sub-stream. 

[0065] The discrete time representation of the received signal is obtained by sampling at rate 1/1/7 7c such that satisfies 
the Nyquist criterion. The pulse shape is constrained to last 20 Tc, where most the energy is concentrated. Furthermore, 
the finite support of this pulse shape in convolution with the channel impulse response having a delay spread Tm, and 
the spreading sequence corresponding to the uth antenna is defined to last Ng samples over 1 symbol period. Thus, 

gu= [gu[Ol^^^,gu[Ng~l]Y (2.1.8) 
Finally, the discrete time received signal samples can be stack as 

U 

yi = ^ Gu,iau + X/ = Gia + u (2.1.9) 

where the subscript / denotes the Ith antenna at the receiver, and 

G| = lG^,^ ^uj] (2.1.10a) 

a = [a[, a/y] (2.1.10b) 

So that, the received signal at the Ith antenna at the receiver is given by 

//= G,a+v, (2.1.11) 

where y/ has dimensions ((A/ -1)LW+Ng)x1, Gi has dimensions ((N '1)LW + Ng)x UN, a has dimensions UNxl and 
contains the concatenation of the space-time codewords, and has distribution 
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Collecting the signals for R antennas at the receiver, the total received signal is given by 



y = [yj, y^]^ = [(Gia + i^i)-^ , {GRa+ ur) 



(2.1.12) 



[0066] The received signal y might be decoded at the receiver for the entire block length over all transmitted signals. 

The structure of the receiver illustrated in figure 3 substantially facilitates the processing of the received signals, based 
on linear filter 31 matched to either a flat or frequency selective channels, that produces the first statistics for every 
transmitted sub-stream and eventually used by a Viterbi decoder 35 estimate the information signal. As explained 
above, the estimated symbols are fed back to interference cancellation stage 32 that gets rid of IS I and self-M Al because 
of the independent spreading. Those more reliable signals are used again by the Viterbi decoder closing the iterative 
loop. After some iterations or performance criteria the final symbol estimates are delivered. 

III. Receiver with one unique antenna 

[0067] There will now be discussed one example of a receiver having one unique antenna receiving the signal y-|(t) 
(assumed to correspond to one unique user). 

[0068] The bank of matched filters 31 produces the first statistics of the transmitted sub-streams: 



(3.1.1) 



where 




(3.1.2a) 



T 



= MO],-- 



(3,1.2b) 



(3.1.2c) 



(3.1. 2d) 



[0069] Particularly, the matched filter output for the u^^ sub-stream at time n is given by: 
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C/~l D 



Zu[n]^\gu\''au[n]+ J2 + + ^uA^^v[n + d] +Vu[n ' (3.1.3) 



d=-D 



ISI 



v=0 d=~D 



sclf-MAI 



where 



A/. 



and the cross correlation coefficients between sub-streams are given by : 



(3.1.4a) 



(3.1.4b) 



is a (u, v) blocl< of with size NxN. 
[0070] In the first iteration, the output signal of the matched filters 31 feeds the Viterbi decoder 35 for an initial 
estimation of the information bits. These initial estimates a^'"^[n] are fed back into IC block 32 in order to get rid of the 
possible ISI and self-MAI , and thus produces the following output: 



U-X D 



. d=-D 



v-0 d^-D 



(3.1.5a) 



[0071] More explicitely, 



(3.1.5b) 



[0072] Where 



U~l D 



(3.1.5c) 



d=-D 
dj^O 



v=0 d=-D 



and m corresponding to the iteration step. 
[0073] Figure 4A to 4k are illustrative charts of typical simulation of the results obtained with the receiver of figure 3. 
[0074] With respect to figures 5 and 6 there will now be described the situation of the Multiple Input Multiple Output 
Channel (MIMO). In this situation, the information bits are encoded into U sub-streams and sent through U different 
antennas. These transmitted signals undergo independent channels and are eventually received by R antennas at the 
receiver. 



EP 1 447 934 A1 



IV. Receiver with multiple antennas - MIMO Channel 

[0075] The MIMO channel is assumed to be high rank, i.e., a rich scattering environment surrounds both transmitter 
and receiver, the channel coefficients are uncorrelated complex Gaussian random variables with negligible Doppler 

5 and angle spread the eingenvalues of the correlation matrix of the MIMO channel follows the Wishart distribution. 
Finally, the MIMO channel is assumed block fading, the channel coeffcients are constant in a codeword. The trans- 
mission chain can be seen as a serially concatenated communication system as illustrated in Figure 5. The convolu- 
tional code is the outer encoder, whose output is randomly interleaved. The combination of the different blocks in 
convolution with the different channels can be seen as an encoder, the inner encoder in fact. Thus, it can be seen that 

10 the the receiver develops an iterative joint equlization/decoding algorithm from the iterative algorithm for decoding of 
a serially concatenated coded system. As shown in Figure 2.3, the MIMO soft output decoder is an interference can- 
cellation stage that can cope with ISI, self-MAI, and MAI in the multiuser case, such that equalization and interference 
cancellation is performed. Now, the binary soft output decoder for the outer encoder is an APR algorithm, normally the 
BCJR algorithm. In order to save complexity at the receiver, a Viterbi algorithm with hard-output is preferably employed. 

15 Simulation results has proven that the penalty paid by not feeding back extrinsic information is not critical. 

[0076] The MIMO channel will be particularly described in reference with the preferred embodiments shown in figures 
5 and 6. Referring to figure 5, the U substreams which are generated by convolutional encoder 51 - similar to encoder 
21 described precedently - are independently interleaved (resp. by means of elements 52-1 to 52-u), then spread by 
an independant random sequence through spreading blocks 53-1 to 53-u , then BPSK modulated (resp. by means of 

20 Blocks 54-1 to 54-u) . These U sub-streams are then transmitted over independent flat or frequency selective channels 
and then received, in the receiver, via r different antennas. This situation of transmission diversity combined with re- 
ception diversity results in a set of uxr blocks 55-n-m , with n = 1 to u and m=1 to r , and figure 5 illustrates, for the 
sake of clarity, the radio channel impulse response of the channel for the first and u^h sub-stream, respectively received 
by the 1 and u^^ antenna. 

25 Figure 6 shows the preferred embodiment of the receiver, adapted to a set of R antennas 69-1 to 69- r (only two 
antennas being represented in the figure). The R antennas feed a Bank of Matched filters 61 which produce, as above, 
a first estimate of the U sub-streams to Zy. Those first estimates are deinterleaved, demultiplexed, and finally de- 
coded. Then, the matched filters are not employed in the algorithm anymore. The matched filter outputs are used in 
the first iteration. After the first decoding, we have an estimate of the information bits. These estimates of information 

30 bits are re-encoded, re-multiplexed, re-interleaved, and re-modulated in order to produce an estimate of the U trans- 
mitted sub-streams. These U estimated substreams are used by the parallel interference cancellation stage, etc. 
[0077] The U sub-streams are processed by an iterative interference canceller 62 which suppresses ISI and SELF 
- MAI components and outputs a clearer version of the U interleaved substreams. Those are forwarded to the corre- 
sponding interleavers (resp. 63-1 to 63-U), the output of which is is then fonwarded to a parallel to serial converter 64 

35 and then to a decoder - for instance a Viterbi decoder again - for the purpose of producing decisions on the received 
symbols. Similarly to the one-antenna receiver, the output of the Viterbi decoder is used in a feedback loop which 
produces, via a serial to parallel converteur 66, a set of U de-interleaver 67-1 to 67-U and then a set of of demodulator 
blocks 68-1 to 68-U , a set of feedback values which are used by the IC block 62 for the next iteration. 
[0078] The concatenation of the received signal accross R antennas is given by the formula below: 

40 



y= [Vi.'-.ynf = [(6?la + ^/l^,...,(G^Ka-^^i^)^] (2.1.12) 

45 

[0079] Thus assuming that the receiver has knowledge of of the channel state information, and applying Maximum 
Ratio Combining (MRC) to the output of matched filters 61 , the first statistics are calculated by 

50 

z = ^ [G^^y] (3.2.1a) 



55 z==U [G^Gia + vi] +, + [G^Gna + vr] (3.2.1b) 
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[0080] This assumption can be made because the UIVITS-TDD standard provides the channel estimation algorithm 
that estimates the radio channels. 

[0081] The antennas at the receiver are assumed to be separated several wavelenghts such that there is no corre- 
lation between the received signals. Then, every antenna receives a replica of the transmitted signal but undergoing 
5 independent channels so that a MIMO configuration is actually created. 

[0082] As mentioned above, different types of decoders can be used. Preferrably, hard type decoders are favored 
since they only need approximately half the processing power required by a soft output decoder like a BCJR algorithm 
for instance.. However, it should be noticed that the invention can well be applied even if decoder 35 or 65 is a soft 
type decoder. 

10 [0083] The hard type decoder is clearly advantageous when only limited processing resources are available in the 
receiver. With respect to figure 7, there will now be described how one can improve the performance on convergence 
on the receiver. This is achieved by means of a weighting mechanism of the feedback loop used by the iterative process 
of the IC 32 and decoder 62. 

[0084] The signals at the output of the Viterbi decoder can be weighted depending on the reliability of the estimated 
15 symbols. 

[0085] The structure of such a decoder is illustrated in figure 7 . The antennas feed, as previously, a Bank of Matched 
filters 81 producing the the U sub-streams to Zy which are then processed by an iterative interference canceller 82 
for the purpose of suppressing ISI and SELF - MAI components. The U interleaved substreams produced by interfer- 
ence canceller 82 are each forwarded to an associated interleavers (resp. 83-1 to 83-u), the output of which is is then 
20 forwarded to a parallel to serial converter 84 and then to VITERBI decoder 85, the output of which is used in a feedback 
loop producing, via a serial to parallel converter 86, a set of U de-interleaver 87-1 to 87-U and then a set of U BPSK 
demodulation blocks 88-1 to 88-U, , and weighting blocks (resp. 89-1 to 89-u) a set of feedback values which are used 
by IC block 82 for the next iteration. 

[0086] As explained above, weighting blocks 89-1 to 89-u enhances the decision mechanism of the Viterbi decoder. 

25 A criteria to calculate those weights is taken by minimizing the symbol error probability at the output of the Viterbi 
decoder. Now, because the different transmitted substreams undergo different channels, the received SNR's per sub- 
stream are different. Here, two possible criteria are proposed, based on the union bound as a function of the received 
SNR's and multivariate weight enumerator function of the code employed. In one embodiment there is computed the 
symbol error probability at the output of the decoder as a function of these U S/NR's at the input of the decoder. 

30 Alternatively, there is computed an union bound on the average error rate in function of the multivariate weight enu- 
merator function of the code employed. Afterwards a large system analysis of the system is applied to compute the 
weighting factor given by equation 3.3.4 



35 Claims 

1 . Process for transmitting and receiving information through a wireless communication channel comprising the steps 
of: 

40 - receiving a stream of databits of a given data rate 

applying one unique encoder for generating an encoded data stream; 

multiplexing said encoded data stream for the purpose of creating U different sub streams; 

interleaving each of said sub stream; 

modulating each of said U sub streams in accordance with a modulation scheme; and 
45 . transmitting each of said U substreams to one different transmission antennas. 

2. Process according to claim 1 characterized in that it further involves the step of randomly spreading said mod- 
ulated sub streams before their transmission through said antennas. 

50 3. Process in accordance with claim 1 characterized In that said unique encoder is a turboencoder, a LDBD encoder 
or a convolutional encoder based encoder. 

4. Process in accordance with claims 1 characterized said encoding and said multiplexing are achieved by means 
of a unique convolutional process which directly generates a set of U sub streams. 

55 

5. Process according to anyone of the preceding claims characterized In that it involves, in the receiver, the steps of: 

applying a bank of matched filter to the received signals in order to generate a first statistics of the said U sub- 
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streams; 

applying a controllable iterative interference cancellation process in order to suppress ISI and Self-MAI from 
said first statistics; 

de-interleaving each of said U sub-streams ; 

applying a parallel to serial to the de-interleaved sub-streams; 

applying a decoder 

applying a feedback loop to said interference cancellation process from the output of said decoder. 

. Process according to claim 4 characterized in tliat said feedback loop comprises a parallel to serial converter 
providing U substreams and, for each substream, a demodulation block and an interleaver corresponding to the 
interleaver used in the transmit process. 

. Process according to claim 5 characterized in that said decoder is a Viterbi decoder or a BCJR decoder. 

. Process according to anyone of the preceding claim characterized in that the receiver includes at least one 
antenna. 

. Process according to claim 6 characterized in that the feedback loop is weighted. 
0. Receiver for a communication system comprising 

one bank of matched filters for generating U substreams from the received signals 

one unique interference canceller receiving n substreams, producing U outputs; each output going to one de- 
interleaver; 

parallel to serial converter receiving the output of said de-interleavers 

one decoder (iether hard or soft) receeving the otput of said parallel to serial converter; 

one unique feedback loop providing a set of U substreams with each substream being used for controlling 

said interference canceller 
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r+{XnSin(A<5')+YnCos(A(9)}2 

(7) 

t, Hffl ■ [Cc^i^^^'mm, a„(i)=± 1 , b„(i) = 
± 1 , i = 1 —NT-* I) t-rs i: , ^flfl^jf^^M^S^'J 

„c{±. <^^Tt (8) 
)}2 + {XnSin(A6')+Y„cos(A6')}2 
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=4N2A2 

fzt-}^ 0 t-m'^-th^'^^ 1 4 0 1 , wsii 

14 0-C'ii. SnmSl 3 0coai^-C*^fflWm^]Z„i:^ 

Di=l (Z„SDth) 
= 0 (Z„<Dth) 

[00 16] 

trmmiz-rt b . ^mmiz$m't^mmcr>mcr>mmmm 

y ^-i^y-fc^w^i^»h . zco^m^^mzmm 

0. mmmmam'^z^^it-th . mmwmmy^- 
'jyy<7:>ism&\>zi5\^xii.. 3m'th^'A(nm^m.m 
{m.mw.bmmm.<^]^) , mmm^&niiU^crywmm 

y^-i^y-fnm.bLx. -wm^zmmmmim\-^x 

^^mf<zm^^^hitMzi,t. yv-M.nmtm±Lx 

v^h'iL-mt^hh. Li)^L. yv~j^nmtim±Lx\-^^s 
^wiajtffiBf i3 J; N>- F :t mzm^^n<^^m:ifi 
ht-t,^j:\-^fz)sb. mmmmiiE^>,zm^^^^>^bi,i 

mmxh hbvy-j mmifh fz . 

[0 017] ttz. yU-~Lmm:bmiLLXl-^ij:^^m-^ 

m.mij-£-mb^j:i,. mm.mmtR\ty 3^-'jy^ 
Tx^m^^smm^<7) u^Amw%± l ^ i^^m 

xfy^ b\^-^dmmii^^':>rz. 
[0 0 18] ^i^iz^ ^mmmut. yi—j^mm^m 
±-t6fzisbiz. -miz^mmx'umimmiiim (t^v 

b. ^mm\miiimz:B^^xmimm immm-th 
b. mizm<mmc^yi-~j^izi5^^x. ^cDmiamwifs. 



(8) 

i6lftS$fx?tL#v^ffiDth (-^) bStm^ti^. 

(9) 

^M^m^^ttigt: i "9 . wmim\tmx\>^hiziji)^i^ 

h^^-rnammti'^iEm<^iiLmx'mtii^tL^j:t)'-:'fz d (k 

mmmmwMb^co^^mm^^^^s^Mmxnta ( s 
»*?ij^oi£i^m ) LTL^dcitA^ifes. mi,zmm&*^ 
<oti±^\-^mwmMimy ^-i^y^^'m^mcTym^iz 

^zm^m\^wx^w^-thm^ m^m\WM\i^m tim 

imx'^^^^wmiax-^ ^rv^^ t j: o , y u-M.rn 

mmmt^iEmiz'ijt^^w tfzit y u-j^mmtm^cr 
^ ^ xiizmmm-^t)-^^ b^^o mmii'^^ tz . 
[0019] immim^(^i. o tmm^mm-htz^ 
iz^^ tifz i> cr>x\ mSiiy-( v-yj^-'jy yts X um 
mmmsi^y ^-vyyumthys^-i^y^'^m^ 
(cfcv-iT. m.m'l&bmw^^c^:>^tb . m^}uti^^<r>±^^ 
izi:y). is^(^^m.tim^j:^n^x'h. m^mm^ 
mi^-^^h ^b^x<n'mm\i:m&^<m^X'% hmi 

[00 20] tfz. W'mwmt<n^^. yx.—i^y'fa) 

mm^^\ifX^mmni^'<^)Vifi±^<^ytht>K ^<r> 

^oti:%-^Xi,^n\zyv-2^nmif'miLX%hi.oi>z 

nmm^-mm^^nx.hb b h i^zmmmwrn^m^ 

[0021] 

mmwm-hfz^o^^m %-o^w^\,z<^hhmx 
^^m^mt. w».(^yTyy-^\,ziim%t^fLfz'm.<^>m. 
mm^bm^m\b<r>m-^w&cthim%^^mb . 
m%mm%^^mz^ ^n^tifzmmc^^yy yi-comm 

St . mmm\^miii-ti>fzi^c^ L# ^m^Mih-th l 

^\mMiii^^b. mi^r^ ^-^-i^^^^mzX^on 

[00 22 ] w.-z.ffMmz{%hhmw^m^mt. a 

y yi-(^^mm:mm-h y'A j^-i^&^^^^k^mx. 
fzh<nx't>h. 
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[0023] m^cowMizi^himimminmii. r 

[0024] mmcD^mi^zi^h&mimmiiimt. - 

[0025] m^<n%m^zmh^mi!i^¥m.\^mi. y 
=7 y^^t<r)^mm^tmim^h(7yimw.%mz%(y 

[0026] 'mr^<nw9i\z{^,hh'mm&m.'Amt. f 

L T ffl V ^ S L i v»ffl»:ai^a ^ X. f^ i> SOT-* § , 

[0027] ^^<nwm.^hhm\mAmmt. m 

[0028] ^AcO^HJfc^i^sigi^l^^J^^tiJ^Ji^ fr 

[0029] m^O^BflW^i^SlgBffl^^iMtH^Iti:, m 

[0030] 
[f6BJO^Sfico?^,«] 

mmcommi. *^c0ffM(^BPSK(2ffiPSK). QPSK(4 

ffipsK) ^tcft^ § ix s fiffl^isft-^ * ffl V ^ I. gft^at; 
m^x. mm^tifzm^iz^^ti^yu~i.mmmmm 

[ 0 0 3 1 ] HI t*»4som^(C i ^ 4fflPSK^iifi 

n-^m^-^^iy^r-Mzi5i,i-i>n^^¥mii^^coms&m^ 

^■t. mHZi}\-^X. lOA. 1 0 B{±2 7'7:x^:^^'-^ 
^^-i^'f-irm^-t^tll^cO^iEl^mcOTyT-i-^. 2 0 

A, 2 0B(i;T>•T-^T•■S^i$i^/iRF^i-^S^'^-Xvs; 
>'^■^t^C^m•r-S.^^|B|SBi|t»^5T•■$)'9, 3 OA, 3 0 

B {iJinxB-i^ifegp 2 0 A , 2 0 B cotatiThB^mm^ 
c^mm^^^^ 'j^fUi^iz^mt^A/D^m^. 

3 1 A. 3 1BimmmMM2 0A^ 2 0B£^tB:^lT- 

XD^m^Tht. eoAiiy^y^iT^m^ti^m 
1 ooAii'f^i^^^\^m^b^':>fz^mimt^hm. 



[0032] § ^tC. Sta^^'JI^aiM 1 0 0 Afi, 
<Oj:dfc«J^$fL.i.. 4 OA. 4 0Bi±. T-'-fi^'^^Wt 

^^:^,":.j^cSfift-f-^oi5iffi • mi^f^'ji-t^m^mztiii- 

tfd^^-f^N'-i^^-^^SP. 140A(i:r>f>N'-i^^-^)^ 

«^m^^V^>5.^tii:^Jt=5^^^¥'J^gp. l 5 0{iL#v^« 

^fl:ffit-SJti6t=2y5>'^4i-^0Sffi«:^:^ffffiL. ^ 

[00 33] 02{i:. iaiS0fflM^aiSI54 0 ABJ;t/4 

0 Bcof>^mmf&^^-ty'vi -/ s „ i o i A«±r 
ix- ; wt^ i; ^ o 7t ^mm^cr, mmm^^^t m^m^nco 
mm^^b cr>mm^ t mmm. i o 2 Ait^ ^ 

1 0 3Aiix>>>-^;l.ft-tt^r 
* i: SfflM^, 1 0 4 A{ix ^ i^'^/HS-^i: ^-j ?t:Sf8 

hmm^. 1 1 OAJifflMtli 0 1 AOtil:^ihfflWfll 

0 3AotiJ:?ji:coSnS:^fioJpS::Sff. l l l AtJffiM:^ 

1 0 2A<73tti^]i;fflPiSl 0 4Acr)iiitSt(r>mW^'ifo 

mMmx-h 120 Amm^ 1 1 0 Ai7)tti;f3 

■th 2^ll|fi&, 1 2 1 Al>m%^ 1 1 1 Ac7)tti^jSr^»: 
•ri.2^|l|f&, 1 3 0 A{i2-9<J02*|lIffSl 2 OA, 1 

2 1 Acotii^i^jtist-^jDai^-r-fcSo ffiwaim 

gP4 0Bc7)rt^1lE!S(i, ±iaffira»fiig|54 0Atll-iO 

[0 0 34] H3{i. Hlc7):/^y^'-i/■f-^JtgP5 0<?5 

^EIT-^^S . 5 1 {Sffiraa:ffigP4 

0 A*^f> ai^j $fL^ 75 1 

tiifs 6 0 A ^> § ix^ y -fi iOfi^ t (50 

*»^^f3Sftfl, 5 2{ifflM*mg|34 0B*-^.m^lS 
tlS y 5 y ^ 2 cDfflMffii: ft-f-K/P^aitff 6 0 A>{)^^> 

5 3{i*»^5 1. 5 2c7>till(^jDS:-f-'SJlI»^T 

[00 3 5] H4{±, Hli^LiV^flfttiigEl 5 0(7)1^ 
gPfft^^iS-TT'o^y^'HT'S)-!), 1 5 1 A{±, y'^y^ 

-tt 2^[ElS§, 1 5 2 A{i, 1 (T)^ 4 'J^)vm 

^t^£->fz^imm(^^m}^2mth2mm^. i 

^(7M-^^7i-^2m-t^2mm%, 152B{i. y-yy 

m.-t^2mm^Th^. ttz. i6oa{±, 2m^^i 
5 1 A<r>^-yib 2m^^\ '5 2A<n]A-nmm^him. 
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16 0B{i. 2mm^l 5 lB(7)iiitlb2m\M\^l 

5 2 B<DliiiJ^l3m~t^Mn.^. 1 7 0 Afi. Jn^ll^l 

6 0 Ac?5tH:tli:fi-f-K;H^aitl6 0 ACDlHtStcomX- 

SOfi. ^Slffl 7 0A£0ai^lfc*SSl 7 0Bi^ffi:J3 

[0 0 36] ii5«, mi<r>ms.mi4 0A^[^mmm 



5 o^^^iiiti^tL:^,i^mkcommmt L^v^-ummMi 
[00 37] mzm 1 --m3^mv->x^mmcr>mm o 

2 0Afcj:?>"2 0BtcijVi-CP|5ljii^ift$ii. lilffl ■ S 

fL:^c2 7'5y^«^mm-^«^isiffi ■ ii3c^^c7)'^-x^N' 



Ri(t)=Ai(t) exp{j (Awt+6'(t) + A^i)} 

=Ai(t) {a(t)+j b(t)} exp{j (Aa)t + A^i)} 

R2(t)=A2(t) exp{j (Aa)t+6'(t) 
=A2 (t) 



[0038] cI^T-, Ai(t), k,,(t)\±^^y^imiXf 

Ri (nT) =Ai (nT) {a(nT)+j b(nT)} exp{j (A6'i)} 
Rj (nT) =A2 (nT) {a(nT)+j b(nT)} exp{j (A ^2)} 



A6'2)} 

{a(t)+j b(t)} exp{j (A«t+A6'2)} 

(10) 

^X'hh. m^<r>fz^I^a,=OX\ A/D^m^3 0 
A, 3 OB. 3 1 A, 3\B\i-^yTf-)Vl—VX'i'-^^ 
XYAX^>T')y^'^iXX\^^h-t^b. A/DM 
^]i^-niid^X'9^^tlh , 



( 1 



1 ) 

[0 0 3 9] «^>n7t2 7-^>'^^0fl-f-Ri (nT). 
R2(nT){i-^-^xmfflMmffiSI54 OA, 4 OB\>zXfi^iX 
fflMfl:mgP4 OAtcA:^3SfL/::Ri(nT)c7)^gP (iHlffi 

mi) im-zhz^.^fthmmmx o i Ais^t^fflMt^i 

Q2.A\,zXt^^h.h. --H. Ri(nT)cOjfia5 (li3<fi!c^^) 

K(i)=K,(i)-j K,(i) 

SO^S^J, K,(i){±S*n^^iJcOil3£^^<50l^?iJ*^LTU 

Rin(i)=Ai„(i) {an(i)+j 
tJt. 7"7>'^2^0±i'^C> i #Bc7)v^:7 Mxyx^-i;* 

R2n(i)=A2n(i) {an(i)+j bn(i)| exp{j iKOt) 
[0040] ~f=yy^\ (7)fflMM:tHgP4 0 AX'\±, (12) [004 1 ] 

5eh(13)i^O^*ffiM?IIS3i)i'^i:)ixi.„ iJ5(;tc^tf0i9Pl [St3] 



{ifflPCfg 1 0 3 Afc j; U^fflPBfg 1 0 4 A tCA^J S^l. « 
.1 iT, JBta^^'MtiJll 10 0 r*lg|5(50ffiM#ff 1 0 1 A, 
102A. 103A, 1 04At:i3V>T#Bi$fLSIBt^n 

mA^^\)^~-d^\,z^-t . 

(12) 

-So Bfg'JnTfciSV^T, yf^^-J^l^Offiraisl 0 1 

A, 102A, 103A, 1 04 A|*ItCt5V^-ri#at^ 

bn(i)} exp^j (A^i)} (13) 
X'^^Kh o 



(14) 
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i=l 

- Z An (0 • 0) + JK (0) • oxp{ji^9, )} • (o - yx, (oj 

-{A'i,+7y,„}-exp{7(Atf,)} 

(15) 

[0042] dif. Cri„. Cqi„<i, :/5>'^l<7)«« [0043] 

= i.4,„(i)(a„(/)/:,(/)+A„(0Ji:,(0} 

aT , (16) 

= S (0 • (0 ■ i^r (0 - (0 - (/)} 



[0 044] hl^iatc. y"yyi'2cr)mmM [0045] 

/■=1 

= S ^» (0 • (0 + A • exp{7(A5j )) • [k, (,) - ^a:, (0} 

i=l 

= {Jr2„ +7Tj„ } . exp{7(A3, )} (17) 

[0 04 6] ^IZT, Cr2„, Cqg^Ji. >'^2^?^^SS [0 04 7] 

- Z (0 • {«„ (0 • (0 + 6„ 0 ) ■ (/)} 

(18) 

y2. = tA,„(iy {b„(0 K^it) -a„(i) K,ii)] 



[0 048] ZZX\ CinC^mM{Cri^)tiXt/mM{C 2m^tit . %^tLfz2':>cn2m^^\i. tm^l 3 0 

qin){±. ismmi 1 0A«7)ai:^3ijj:txa»^i 1 1 aco Atcfev^-cjnm^^xi., tm-^i 3 0A<r>^^x'h^f 

qin){±. -e^xm2^[lISSl 2 OA, 121At;*3V^T 

Zl„ = (CriJ2 + (Cq,„)2 

= {Xi„ cos(A^l)-Yi„ sin(A^i)}2 

+ {Xi„ sin(A(9i)+Yin cos(A(9i)}2 (1 

9) 

[ 0 0 4 9 ] 1 <7yimm^%\^^h:mh mm izr^ 2 <r>imm.z 2 ^ ^m^x^-t htt^ . 

Z2„ = (Cr2n)2+(Cq2„>2 

= {X2„ cos(A6'2)-Y2„ sin(A<92)}2 

+ {X2„ sin(A6'2)+Y2„ cos(A(92)}2 (20) 
[00 50] 2-:><7)r^y^cO^mMiii^4 0A$5Xtf 4 0BOai:>J-CS).S.ffiMfflZi„. Z2„«^-f^N'-i^^^J^ 
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gpsofji. ms.mm5 nzi5\^x . y^y^-ico^m 
ffi t y ^yi-i(^m^ u'^/v- 1 <^mn-mTt>tii> . mw- 

Dvn=ADin Zin+Ai)2n T-in 

[00 5 1 ] mz, ia4^fflur L^v^fiffffigpi 5 o 

crMY^'Srim-th. ^^^^ 1 ^^^fift^m^l^*i6-2, 

v^2m^^\B2A\,zx-n^ti. 2m^rih. %e:>fitz 

Pi„= I Ri (nT) I 2 

= I Ai(nT) {a(nT)+j 
= (Ai(nT))2 {(a(nT)) 
=2 (Ai(nT))2 

tzfzL. a(nT)=±l. b(nT) = ± IT-SSO. Ai(nT)(±:7 

^~=jy'7'mcr>\y^)V'^^^»fzy'^ >^ i tcfctti. 

[ 0 0 5 2 ] natcy^yf - 2 ^cov^T tSfifi^m:^ 

P2„= I R^CnT) I 2 

= I A2(nT) {a(nT)+j 
= (A2(nT))2 {(a(nT)) 

=2 (A2(nT))2 

tzfzL., ;;T1i:a(nT) = ± 1 , b(nT) = ± 1 -fSb D . Aj 
(nT ) :7 1 — >>> i?'#iO ^ g tt/^C 7" ^ > ^ 2 

{zm^hwm^^^-t, 

[0053] :l^X\ nMn\i,Zii\-fhM%m 1 6 0 ACO 
tfl^jPini:Ja»^tll 6 0BiOai^]P2„{i:. mm«»ts 

Pcn=Ai)in Pin + Ad 2 n Pzn 

[0054] nhtifztmm i s o otii:^j(i^i6¥%[ii 

S&l 9 OlcA^J^ix. Tit-ftSixS. mzmnni\,z-B\-^ 
■C. ^i!)¥±^[l]£^ 1 9 OCD i ^BCDi^y hU'JX^lzm 

[00 5 5] 

[i*7] 

P^=(.l/M)ZPonii} (2 5) 

1=1 



Hlfils itoai;^]^;^M:iilSS5 2£^ai^j3!)^Jp»:§ni>. ■! 

o t # c^m-^-t/'^^/^Kaj^ 6 0 Aoai^i3&% i n . m^u 

(21) 

2®[llff§l 5 1 Ac^ai:^3*3i:tX2S[l]SSl 5 2A(7)ai^j 
1 6 0 AtcASjSix, y^y^ 1 ^Sfift-f- 

fl:^]*^'s:tti§ti-g.. mmnnzni-^x. yyyi-icr>^m 



b(nT)} exp{j (A^i)> | 2 
2 + (b(nT))2} 

(22) 

lBt3j:U2fkmi^l 5 2BI,ZX^^ri. 2m^ri:^. 
#^>ti.fc2^[lIS&l 5 1 B<7)ai:'l^3J;t^'2«[llS&l 5 2 

Boajtl(±. JaSl^l 6 0Bt2A:'J$il. y5>-^2c^ 

2c7)'^mimmtiir<x 



b(nT)} exp{j (A ^2)! I ^ 
2 + (b(nT))2} 

(23) 

1 7 0 Afc J; V 1 7 0 B j; D s ft-^l^^^L-^tUtl 6 0 
Afcj;t/'6 OB<?)til^JT'S)§fi-f-K;WAci„. Anant^i 

(24) 

[0056] ftfzL. ^l&¥*^c7)SifcJ4Mat-rS . # 

KiTteJUIS^l 9 0OtiJ^P™.n(4. mM-^l 7 UcA:^i§ 

L^V^ffiSctiJgBl 5 0coai:'3-Cfe.&Dth{i:Jfc^T^ 



D, 



[0 0 5 7] ll5&fflV^TW5gSI514 0A^»f^ 

MffiD„„i5i:tK L#v^fa»:mSPl 5 OcotU^'j'r-fc.g. 

v^ffiDthJi. mi^n'km\i!>Lfzt-}ioti-m^-t^m^ 
1 4 0 AtcA:^3 sii^ « m^m 1 4 0 A-ci±. 

¥iMi4 0Aai;^DT=i 

= 0 

\:;x±.(^^m'^zx-}X%hfifzm^mi 4 0 At^ta^jDit: 



(26) 

t-^m.^ 1 4 uc j; D itis^^s » i iT\ n'fm 1 4 

(D„„<Dth) (27) 
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stLT. m4coL^\-^mMiiimcoW'm'?■i^mml 9o 

iim-thi]m^i 9 1 , Tft-fbSfLfc^fim^i^ i i^y 
n'^>imm^'it^mm^ 192. s^^tg 191 <7)t±i^jts 

[00 59] a±cDX a i;*^}s«?fMtci3v^-c«i. y 

[0 0 6 0] i/c. y^yi-^i'tcT^^mimmMztm 

[006 1 ] mmmm2 . miizz^mmmmizj:^ 

4 ffipsK^iiiim-t im^-^?>y:^r-j^(>zmfi>mm^¥m 

figgP5 OiJit^t^V^ffiSaigBl 5 0tfcV^T, ft-^i^ 

'^./kt^tiJ^e 0 A , 6 0 BcOft-^l^'N/L'tC.S'i^ M^ii 

x\ ^mimu^/V(D~^^\^ryy^cr,mmmi5X 

^^■^BggP5 0 Ai: L^V^fflffmMl 5 0 Al^mJi. H 

[0062] ii8«. ^mmmizxtr^j<-i^i' 

[00 6 5] $ »K[I1S^5 5Ti±. JrbB^^S 4c0 

i. 1 £7)ffiMffli:ffiM»mSI54 0 BcOtti:ft'C«>-l. 

3lKllIIIS5 5£7)ai^) Sen 

[0 0 6 6] mz. ia9^fflv^TL#v'>fit»:aiSPi 50 

5 0 ATi±, it^:^ 17 2 tioV^T . 1 COim 

b y'y y& 2 c7)fi^K;l/(50 U'<.;kJ:t,K>6^'^f 

JtiKSi 7 2toai:^) Cl„ 



-^JjicSB 5 0 AOrtaE^RStSr^-ryn v 9 ET'S) I- „ 5 4 

{i. m^v^jvm:MbOKi3-to]i^-n'^ixhyyy&\ 

<^fi-f-l--</^i:ft^l-"<;H^aill6 0 B>ii>4,ai:^3SiiS 

5 5{±, i:t«^5 4cDai^tcS^'#, ffiBB»:tflgE4 0A 
>C)-^>ai:^3§3h,l. 1 coffiMffli;fflBiamS54 0 B 

[00 63] ia9{i:2tsSISi<:0?^ffitci5(t-S.L§V^ 

fflsctiisii 15 0 {^(y^nwrn^^^-fyn >y la-c-s^ h , 

15 1C{±. ^'^^-^liO^VS/^^l^ft-^t^rofcSfl 
fi-i-«^|5lffi^^*2^t-^2^IllSg, 15 2C{i, yy 

2^-rS 2*[IIIf#. 15 1D(j;, 2<7)T^' i' i^'^ 

152D{i. 7'5y-?^2<7)xV i^'^'^Wl^ii^roi^c 

s«ft-f-i7)itts^3i-^ 2 m-r^ 2 «iiissT'3b § . * 3t , 

16 0C(±, 2mmi^l 5 lCC0lii-t)b2mm^l 5 2 
Ccr,iiitiiMW-t^MM.^. 16 0D{i, 2*08^15 

iDtfom^jt 2 sniffs 1 5 2Dcoiiitiitm-tti}m 

1 7 2{±, m-g-l/^l/^tiJ|g6 0A3ii-^>m:^J$fLS 

y^y^ 1 com^u^^ubit-^y^fi-^m^eo Bti^i^ 

mti^tL^ y'y y^ 2 «fi-^^'<.7P t (:0>»c/J^cOi:t«^2:tT 
ditm^. 1 8 itt, JrtKl^i 7 2coaj:fjta^§, Sn 

»f&l 60C*^^,tii^J$tLSy5y^l<73gffl:^]ffli: 

JD»:^1 6 0D*>^>ai:^3$ixS7''^y^2c^^ft«^« 

cDb'i^i^i}—ij^miKLxiii:^^^mm\Mi^x'h^. 1 

9 Oti, SJRHIIf&l 8 1 iTJtB^O^t&^i^^SCtii^l,^ 

Kl¥%0S^. 1 7 Iti, ?lt!i¥%[B]S& 1 9 OcotiJ^fjti^ 

[00 64] J^tc, ll8Srffli/^-C^--r^s:-i^^-^fiagBi 
5 0Aoi!ift^ijiBH-r'&. m8iz^^ix:hr-{ ^^-'^i- 

■^f&M 5 0 f (i. itK§5 5 4 tcii I -^T . 7'^ y^ 1 tO« 

-^i^^/t^t y'7y^2cr>m^-v^)vcr>v'<.)Vim.mit> 

:^)iADln. fi-^K;Htajf56 OB co^i^titminX-h^b 

0 (ADlnSAD2n) 

1 (ADln<AD2n) (28) 

y'yy^2conmm.crimiK.'t'ffo . mmmiizm^x^ ffl 

mm.A 0A<7)ai^j*iZi„, ffiPiffi4 OB<7)ai:^:^;iZ2nT-fc 

^i:-rst. jSfKiui^s scoai^tti. <^x^m-^nh. 

= Zln (Ccn = 0) 

= Z2„(Ccn=l) (29) 

Ad 1 n . fi^ K/l-l^tBII 6 0 B « tti:tl/jMc 2 „ -C-S> !> i: -f- 
S b . Jtt^^l 7 2^0^'<./^i:tK^*m^l{i. <X5^-c-a 

= 0 (Acin^ADin) 
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[ 0 0 6 7 ] y'yy^i <7)^mimm.ij^^iibh 

2^[1IS&1 5 lCtfOm:^)iDj:tX2*[lIf&l 5 2C<50ffiS) 

^ic^Sftfi-^BMn=omtii§ixl>„ y^y^ 

2^111111 5 lDfcJ:tA"2SlElB&l 5 2Dt;ASJ$ 

SMUIM 18 1 tfoai;'! S| 

[0069] %!^Kfz}mmm s 1 <^ai^]{±. 

[ 0 0 7 0 ] . :^mtmmmx'\t. l & v ^imai^ 

n.hLX. HS«L#vi«fftiig|5<o#|ftT%[lIB&l 9 0 

J; 0 Tiff t "k'iT^m^TY^LtztK meiz^r^Zfi^X^ 

nm^htm^i 9 1 . m^it^ixtz^mmjii: 1 i-y 
;nvk3i^s-iti.3i®tff 19 2. a^ts 1 9 1 <7)tfi^jtc.s 

ai«^«**S:t-|.«mfli 9 3*>^>^rl. I IRS7^ 

/t. ^ J; w-mitmi -5 ft bst- t ct v> . 

[007 1 ] ^<7.U 3 t-, *SIJS<7)B»-C-{±:J^W^S--i^ 
^^)j!cg|5 5 0AjoJ;t^;tSl-^ffi»tlig|51 5 0AtCfcV^ 

mz< < . mM^m)^^mmm^nx.6zt:b^T$ ^<7) 
x\ m.^w^\comiii^:^mz'^j 5 ^ t ^^x^ h „ 
[0072] mmmms .mo tc2t=iiMi7)ffMt j; 

Hf^T'-^fiic-r 1. 1 COTS) ^ « ^m<^MPMz}5\,^X (i. 
[0073]iailii:. HIO wr-f ^S-^f-^jjStgp 5 

0 B c7)rtgi?«ji!c&^-r 7-n -y Hf S) . mmcr>mm i 

i:f3l«. 5 l«ffiMM:aigP4 0A3&>f>tii:'j§a.S.7-^y 



= 1 (Aoin<AD2n) (30) 

V2SliIlf§i 5 2D<7)ai::':(i. JpS^i 6 0DtcA:^jS 

[0068] $ii>fc. SiRHIS&l SlTti. JtlSgSl 7 
2<DU^)Hmt:§W:izm^^ . MM^ 1 6 0 CcDlHtsX 

hiy'yyi-i coSftft-f-«i)Pi n ttm^ i 6 o d 
ihtsxh^y'yyi~2<7)^mm^mtiP2n<^MiR^^^i- 

Ln=2in (CLn= 0 ) 

= Z2n(CLn=l) (31) 

y^ 1 coff -^I^-^/ki: c7)^fl: ^ -3 ^ff ts. 5 2 {i: 
fflP*»:tBgB 4 0 B ;?)^ ^> ai:^ $ n § 7- 5 y f - 2 OffiMffl h 
ft^^'<.;k^ttllff 6 0 A*^^> ai:!! ^fth y^ 2 cofl 

m^^)Vh<r)m'M.^rfo^%^xhh. ±fz. 5 6(±i- 
nta^^tuM-mxh^. 

[0074] mz^ mil ^fflv^Tr-^'^^'-i/f-^^gp 

5OBO|Jif'^SriJi0Jt-§„ IMl l(C7KSfLl>^'^vs-;/ 
^-^jg;gK5 OBTIi. ^lUfi&B llzih\-^X. 75 
1 iOfflMfflZin t y^ 1 iOft^P"<.;WABi „ i: <7)^ 

M-mThn^. SffIl]fE#5 2t-ijV >T. r5y^2C0ffl 

Mm^ti^. m^^tifzmmimwji.. ^yruy^'mm 
PhIht r b tcMRg<7) 7 5 6 A^] § n. I. , 

-t^fl-rv^ST-^Sv„(i)t-r^i:, JPmts 5 7 C7)tti^3 
[0075] 

Sj^=il/M^)^Sv„iO (3 2) 

[00 76] iil±cO i 3 (c, ^HifeCOff^ffia, 2'^COr 

y^-i-i-^fS.t:n^^dc^x\ ^^izmmmmiR^y 
yi'-'Tcommj^^^ K) co±^ t Mi^m^xmmmco^mta 

[00 77] mmmmA . h i 2 tc^i^ifccom-i^ j; 
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-^jScSe5 0Atfcl^T. «-^K;^1^tiltff6 0A, 60 
ft-^l^-^/Htffi^e 0 A, 6 0 BtfOft-^L'^/t'tca'?^ 

it. mtmzmm 2 ton 7 1 [5i-«BgT-S) o . f«i-iiii!to 

[0 0 78] HI 3li. HI 2c50^M ^^"-i^^^jS.g|5 5 
OCcOrtgPWJxStSr^-td-C'i!)^., 5 4A«±, m^U^/]^ 

{m-v-^/i-mtam 6 0 b a. tt* §ix-s 7-5 y ^ 2 ^ofi 

-f-Ix>N;;ki:C7)>^;/jN«J:bK^ft-3i:b«fs. 5 6 A. 5 6B 

[0080] fflM»:m0S^4 0 .^ay^-nt-h^^y'y y^ 
>'M-i^'x^'5 6AtcA^]Sas. Jp»:tl5 7Atc*3V-> 

:?'Svi„(i)t-r.&i:. ]9DS::^5 7AC0ai^jT'$>-i.-^l3tf^ 
[008 1] 

[1:9] 

= (1 / A/^)2;5vi„(0 (3 4} 

[0 0 82] i/^c, mmWi^Ml^A^'&ay^l^Xhhf 

5 2 c^ffiwffl«. if u y mrarmr^: ^mr 

atKllI8&5 5Acr)ffi:?jS,„ 

[0085] \:x}L<n^ 0 1 , immmm.cr>^'^ a-^- 

[0086] mmmm 5.014 t2|s»tfo?^ffitc j: 

i^tii#ffio«fig^^-ro mm(rmmA{zis\.^x{t. mmw- 

aig|54 0A. 4 0B{±. i(;(15)~(20)SrfflV^TffiMMSr 

1 A, 4 IBT-ii:. i^-s^L^ l^fB^IS/EL, 



{ii^7 M^i/X:^'. 5 7 A. 5 7 B{i>'7M^>>"X:5'5 
6 A. 5 6B<7)ffi(7)i^ftS:S:ai^^JllSllr'ftSo 5 5 
Aii. Jt«^5 4At7)ai:^tcK'3#, tm^Bl At^h 

[00 79] HI s^fflv^rr-f^s-^-^-^isgp 

5 OCtOtf|f1;^ili0Jt-|.o HI 3iC^$ti-l>:J''-Y^^-i^ 
^-^jf;SI3 5 OCT-fi. i:t«#ff5 4 AtCi5V-iT. ^^^^ 
1 iOft-^l^'<^I^i: T'^ y^ 2 (Dm^V-^>V(7) V^Vim. 
tt^'ffhtLh. mmnllZi5\^X-. fl^K-'l^^mtlSOA 
(^m:ft:6>ADin, ft-f-^'</H*aill6 0 Bcom^J^O^Aojn 

0 (^inSAcaJ 

1 (^ln<AD2n) (33) 

S/X^' 5 6 Bi7)i§@i^i^7 M^i;x:?'tC#;t<^tL-CV> 

[0083] 
[^10] 

Mr 

[0 084] ^t^i,z. mmm^ sA-cti, imm^A 

A<Dv^>vmmmzm'^^ . ans^s 7 Acoai^jt-^b 

y^2cOffiMflcoafi?*ff 3 « B#SiJnTtCfcttl>afKlIlE§ 
5 5A(?)ai*(i:. <^X'm.^tih. 

Smi n (Qn = 0 ) 

S„2n(C.n=l) (36) 

[0087] i'K\zmmzr>\^xm 1 5 srsv^-ciiiBj-r 

h.m \ 5{i^(15)-(20)tK-:}V^Tj:tB§:fil.fflMffi 

xhh, H 1 5 x\,m^mz x h mm<^y^ ^ wm-t h tz 

46 , feiMiE^ {za t Jt#;^)>=3: ^^commm. ^ ^ LT I ^ 
SM^^ffdo ts^^T. s<;(15)'-(20)t»-c3-v^-c^tH$ 

xv^h m^Tii . ssig^tc i -I. § ^^mmmxmu^zm. 
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= 0 

[0 0 88] y'7>'^2commn\ii34 iBt^-^t^t 

y9>'f-ioffl§B®aiSI54 1 At|H]-otll:^j^o$iJ« 
[0089] liLtcDJ: d l,z:^mmcojBmTii. 

ffiMfl L < J±llW«:ti ^ Mff LT L t a <! 1 1: j; -^T 

[0090] mmmme . mie iz:^mMmM^zj: 

1taitio«j^c^J^*t-. IIJfe^offMitc*3V^T{i. 
g|5140A<7)LtV^ffli:LT. ^ft^t"^*:^ t JtM Lit 

v^Tti, L^v^fiimaigBi 5 oomsmt— ?Ec?):t7-fe 

WSSE14 0Bai^)DT=l 

= 0 

[0093] a±coi: 0 i,z^mmmmxu. l s v^ri 

X\ y a:,->'y'f<D^'k.{zX ^^\tm^)y'<.)vm&Th 

^mmi<7)mkBim^¥9i^^tti^x'^. ^mm\<7:>m 

[0094] m^comm 7 . h i s i,z:^mm<^mmiz^ 
1 4 ffipsK^iisfi-^^ffl I ^ v-xt" At; j3(t -s. ma^^^i 

gpi 4 0 AcoL# v^fii: LT . smm^mMztmLfz 

ffl^fflV^-CV^J^^>0>\ 3|s||}t<7)j^ffitoi|£rJ^g|5l 4 octets 
V^T{±. L^V^ffiSLffigBl 5 0c7)til:bffi3&i. ^46igSL 

mmmm ic^mit m-(?mfs.xh ^ . mm^'-^^^ 

[0 0 9 7] ^LT. Oco^M$. 

xh h ^mmimmy^ h mmmts: l % \ mx^ 
mmn^ 1 4 3a^%^t^m.ffiim.^ lAwzi. ^vm^h. 
¥iJSEaii4oc-c-(i, ^mk^mmm^.mmm 



n ( Zin>Zt,j ) 

(Zin^Zth) (37) 

\^xm^-^hi:>o:>X-hh . ffiJi, ll:^coff^mioHl kill 
[0 0 9 1 ] 111 7«i. mi 6i7)fiJSS|51 4 0 Bc7)|*lgB 

ffijjjc^^-r -y lafs, s « 1 4 1 (±. 

xhh., 

[00 9 2] mz-i?m.mo>^m.o-y¥\'&mom{'^^m \ i 
^m\-^xmm-ti>. Lii->ffl*:aigi5i sooin^jDth 

li. »n^^J^1^ttit/S*^i: o*^f'JS-ri.fl^gSl 4 0 

BtcAi7$iil>. Jafl:§li4 2tj:D, Liv^fflfftligp 

W^L# v^fflk^S Joff^ 1 4 2 coai:tifil*^ifc^ 1 4 

He J; "9 m S til. » i <r T\ ¥'J5Egl! 1 4 0 B 

iadVK m'&^^hLxm\^^vvx^^^-n~th. 

(Dv„S(Dth + «th)) 

(Dv„<(Dth + «th)) (38) 

[ 0 0 9 5 ] HI 9{i. HI SOfiJSSBl 4 OCSOrtgP 

m^^^^-ty^i^t'y^mxhh. i4ut^ ^mk<7mm 

^■tm^r<<)VX^\i^^-th]m^. 14 3{i:. Uf'VMl 
[0096] }ji:t*IISfiiOJ^^C0¥iJ£g|5cOl!)^^* H 1 9 

^fflv^Ti^Hjt--i>. Lg^v^fi^msBi 5 oiom^jD 

th {i:. gEtt^^fiJ^^ai Lfzf}-'K b mm.'th'mjS.U 1 4 

0 c \,zxn . imsmwh 1 4 3 u # v Mi»:m 

gUl 5 0<7)aimh5&^'SSffi«thj:'9fc/h§<=SrS*^ 
o 1 4 3 coai^lffl^^t-o 

= «th (Dth<«th) 

=Dti, (DthS«th) (39) 

[0098] i;t±co i o tC*StMtO?^SIT'{i . L ^ V ^-(1 

fcfflv^^<7)-c\ y:^-'jyi^co^Mzx'o^mm^iy 
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[0099] mmcnmma . ei2 o tc^nM^omii^ i 
L & V mMmm i 5 o coffi:^^*^ i^toiss Uitssri 

[0 1 0 0] 02 iti. 02 OcoMJeSHI 4 ODtor^SE 

(J:tK#ffl4 1 Acoaj^J) 

tJt. itlKlgl44{d:. L^V^ffl^lffiglSl 5 0c7)ai^lD 

(J:t!K§ll4 4^0ai:(3) = 

[0 10 2] %t^tlfzMmiAlA(7y^ijt 

itfiefil 4 4C0a}^Jii, ANDlnIS§l 4 5tlA^3SfL, 
Jt^l4 4£0ai^)*^' "H" Oib^liZ. ANDI1IK14 

^ht)-'^mb^j:h, -U. ititfs 1 4 4 <^ffi^i>f)i- "L" 
SOtStlii. AND[lIg^l4 5«tli:^3«i;i:b^lll4 lA 
(7)ai^3>0^' "L" SfcJi "H" (C;6^*^;b^>^. "L" t*^ 

"H" ^tti:ti-t-l.>rt;^)^'-C-S'=5r<^S. 

[0103] 1,:JI±£0 J; 3 tc*IIJS<7)?fi5»T1i , L S V >fl 

yyco^^iz^ K)^mm^u^;i-f}mTLx. a/d^ 
mmm^vvt^ztib^x-'^. mimi^omia^^mzn 

[0 104] 

ait-Sfflli»tti^gt . msmmM-ih^mzJ: Df#^>tL 

->^i-^m.^mzxy)%ibiitir-(^<-=^i-^mkcoiQ 

7 x - ix- y ^-(Ti^^-t 6mmmzii\,^x 



S^7K■rr^ai^^7^XS:ai:^J-r■S.J:b«fl, 14 4{i, L#V^ 
14 5{i. tm^l4 1 ACO mtltim^ 14 4C0 
[0101] ^:J:tc^||JfiOff^®,c04^iJ5ggPcr)t)jj^^|12 1 

0Di:A:fj§iX'&, Jt«^^l4 1 A(i, L^v^fflSaigP 

15 0 (7)ffi^]Dt h t A- -^J5!cg|5 5 0 <7)tti^]ffl-C- 



= L (Dv„<Dth) 
= H (Dv„SDth) 



(40) 



L (Dth<«th) 

H (Dth^ath) (41) 

[0105] ^-CO^BJt3i3V^T«, amS)l=7"^>^ 

Off T-, gfifi-f-K/l^co— # V y ^OffiMfi 

[0106] |g=c7)^B3tcijUT{±. y^y^ri:^^ 

<^]^^g(tfc< < . BE^n^McD^^^ffi^^ifpi. Sit 
[0107] |gHc^56BJt;:i3i-*T{±, — S«OB#^^|ilT' 

(t-^^t-.?. )-^-iy&-^m^^^mLfz<ryx . mzn 

[ 0 1 0 8 ] m^crymni.za^^x^t. yyy^.::tcr,^ 
fifi-^h Btffl^^ij h (^imim.mz%C:.ixfzimmif^ 

* L^j:\-^wmw^^fi^muzcnx\ n^^m(^wm\i^ 

[0109] ISA<7)f6Bgtci3Vi-Cii, v-f-rtcos 
fmg^«:^tcJ:bMLfc^o^ L§ v>ttt Lxn^-f]^^ L 
i\'^mMlii^^imtfz(^X\ y:u-i^yyizX l>Sfi 
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[0110] m-tcoWE^zt5\-^Xlt. L^^MMia^^ 

[0111] m)\co%m>^zi5v^x\i. L^v^ffisai^s 
nx.^^bt)^x^ . Wi^m\\<r>m\^^^mzno ^tt^ 

X'^h. 

[0 1 12] W.%<D^m^zi5V^x\,t. mrlBL^i^fiSiai 

D t/h$<^sj®^ic(i. ^^mum\&^ri.xhmm 
x.hztifix'^. mam\<r>m^^^mzno^tifix 

[0 113] 

[01] :^%mcnmmcomm i i -i. ista^^ij^ffi^ 

mm:^-tmx-hh. 

[03] ifmn<^mk<^mm i^zanh^-iJ 

[114 ] ^^m<^mmc^i&m i t*3(ti. L^^mwia 

^com^tr^-tmxh^. 

[05 ] *^0J<7)||iifii^?gBl tCt3(tl.O¥lJSg|5«BK 

^^•tmxhi>. 

[07] :^m^<^immcr>mm 2^zi:t m\m\m^^ 
[08] ^wmm:mcr>mm2\,ziin^ifAJ<-i^^ 

[010] *^Bgcoi«sfti^»», 3 1 J; hmiimm\^ 

[011] *5|HJ<^W4tfO?^SI 3 tJ5 (ti. ^'f 

^•^)5)cgPOi|Sii!t^*^0f$> h . 

[012] :*:^BH£7)^Mc^?^«4 t J; hWi'mmm^ 

^com^^^-tmx'ht. 

[013] ^f&t3gtfoiistto?f^s64 tcij ^-^-i^ 
[014] :^wM<^mimmm 5izx ^wt^^mmm 



[01 5] Mlj^aJKtt7x->^>^TtcfcV^T. » 

■tmxh^. 

[016] ^mimmmcomm eizx ^^^^nrnm 

^coms&i^-tmxh^. 

[017] *56aH<^lll!r«^0?^SB 6 izi^ ft ^ flSSEc^^f 

fR*r5Kt-0T-S)-?>, 
[018] :*:^0H<?)IIMfO?^«| VIZJ: |.g4*a^S#'J^m 
^««Jj!<i^S^-r0T-lb^<. 

[019] :*:S|aB«SI)SS«:D?^^ 7 ft ^ fiJ^SPfT^ffi 

[020] ^mMcommcomm s t j; ^es^a^^ij^^m 
[021] :^^m<7)mmmm s icss tt-^ ^'Jssbww 
[022] m^c^^m^mmtii^comss.^^^^mx$, 

[023] «*c7)ist^^^j^ffiiit:i3 nh^mnwrn. 

u<nm^^^-tmx'hh. 

[024] fi£*^os[ai^?'ji^aitit3i3 {t !> iKa^^ij^ 
\m<r)m^^m^mx'h^ . 

10. 10 A, lOB Tyr-i- 

20. 20 A, 20B ?P|H|ii:^iggp 

2 1 Jigp^iifi 

2 2 9 0 mwmm 

2 3. 2 4 ^mtff 

30. 30A. 30B. 31. 3 1 A. 31B A/D 

4 OA. 4 OB. 4 1 A. 4 1 B fflMMlffigR 
50. 50 A. 50B. 50C ^'-^ J-\~iy^-^f&M 

5 1. 5 2 mn^ 

5 3 Jnaciff 
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5 5. 55A 
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57. 57 A. 57B MMm 

6 0 A. 6 0 B fi^K/Pi^ai^ 

1 0 0 Bttt^^j^ajsu 

101. lOlA. 1 02. 1 02A. 103. 103 
A. 1 04. 1 04AfflMlff 

110. 1 1 0 A jD»g5 
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120, 121. 120 A. 121A 

13 0. 1 3 OA Mms 
140 
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143 ^mmmm 
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Abstractor JP 6003956 (A) 
PURPOSE :To obtain an inexpensive device and to 
eliminate the need of adjustment for detecting toner 
by writing an addition value in a non-volatile storage 
means as the new result of counting and clearing 
the contents of counting in the non-volatile storage 
means at the time of changing the recording 
material. CONSTITUTION:This device is equipped 
with a video black signal counter 309 and the non- 
volatile memory 311, and an area for storing a toner '^f ^ ^'S;^ 
counter value is provided in the memory 31 1 . When / j 
a user exchanges a cartridge for a new one, the ^1^^ 
counter value is usually cleared by the user. Then, \ | j '^'/''"'^^ 
the counter 309 counts the black dots of one page. i.iJ^^^"^ ^V""^A^^^^ 

Afte r the n u mber of black p ictu re e le me nts CO u nted 1 1. ? \ ;,„.„1 1 ^ lt.-..v.,,"fr,a:x-JX4;jl!.^.. 

by the counter 309 is converted into toner Vi^^^? IPT i^^y:^'!^ 

consumption, it is added to be updated in a toner r"'^ | f m^S^^ 
counter already stored in the memory 311. | \^ \ ] L^^:^ j^^^l! ^ - ' - 
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(54) SYSTEM AND METHOD FOR MULTICARRIER TRANSMISSION 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the distribution of 
bits having the maximum performance margin with respect to 
the quantity of noises to be periodically changed by regarding 
plural signal-to-noise ratio(SNR) value evaluated at different 
time as one SNR value evaluated by different frequencies at 
the same time. 

SOLUTION: Even when the noise quantity of a transmission 
line is periodically changed, the plural existent SNR values 
caused by the noise of the periodical change are regarded as 
the SNR value of one line increasing a frequency band 
without any change with the lapse of time. Based on the SNR 
value of the line evaluated by an SNR evaluating part, a 
performance margin calculating part respectively calculates 
four kinds of bit distributions to set the performance margin to 
a maximum value in the case of providing four transmitted 
speeds. Then, the SNR value at the time of NEXT and FEXT 
shown in figures 1 1 and 12 is used as the SNR value 
evaluated up to the double frequency without being 
periodically changed as shown in a figure 13. 
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tt. crimz n(Dmmmmt<Dm^wm i -ooft-^^t 
j^i^ttcDiii briijfBK-^ hm^^fjirj: "^mrn^nx 
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[ ft*]l 4 ] ItrlB h IB^J^St* , ffrl B 1 -^(DiW-^ 30 

Mm^tt(Dm<D^R^mm^=¥ ^ >; r(Dmtimmt>c 
^.if 1 ~3 i,>-rriti^mn<D-7j\^^'^^ y TSiMi^;^ 

isi.^xm—R^mr.(Dmmmms.rsx-?)i^^ y re 

jl^sSit c J: 4 r - 3^ (eS ^ tf ^ J; 0 L V ;v + 1^ y 
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nmm 7 ] wiB«iwi*«5&^ 2 mxih -^xT^mmmm 
mxmt-r^t^^. mMiw^Mm^ttmm^mt, mib 

msi. c timzwDm^^mmtrnm^imcm Dxm 

[ If 5}<iB 8 ] fffiB b' \- m^^mt . mm 2 a©ft-^ 
S(m^kt<Dm.<D^mRi^mmmmmmimcm 0 xmm 
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(D-7;U5^^ + y Tfeili'X -r A„ 
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[it*ii 1 4 ] s«rtBm-;aj>'^n©afi^raB7' ^ 
^ifjjcii 1-13 c^T'n*^fatg©-^;i'?-=^^ f y reiSi^ 

x-rA„ 

[ if jRii 15] mmmicmt~^i> mm.^m.^mmrf 
(cfci^rm— R:>m-©aft^tBSPEgr-7;L':?-^ i> y r 
eiil^^ic J: a 7^- 3? ^ff ^ J; ^ L -7 Ji- 5^ + 
y TfSl:^5a-C* -:> tf)iB«S!t«©S^tWiSJ^TCC7^ 
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a mnmmtmm ^^ ^- -^^yt . mimmmoi^mmam 
^]:t(Dm^m-sm(Dmfxi,mmmx:mm^tifc i -3© 

2S©fi-^MIt#i:h©II^tWH 1 -:3©m#>(«#tb©ffl 
i L -r fff ia f h B55> * i^cc -r cfc 5 (fc L c i * i -r 
^m>m 1 aSBtiS©-?;!/?^^ + y TteiH^rio 

[ m>m 1 7 ] mmm^mmtii 2 «-c* ^ r^^ram 

tt, Itria 2 ffl©itWiS*T©& <7 dcfci^r j^rE-r -sft-^ 
?*^#ib©M^»a L . friB t* h ie^^;^ -rvya. c 
2 m<DmnMmmt<Dm.^mni 1 -^©M-^^fs^wib 20 

{ if 3j<iB 1 8 ] mflB b' v V y y'it^ ifflB 1 

PSWfccS C TMIB b' f h 1255-* f J; tc 0 fc f: i ^Jf$ 

Mi-r-sfi*!! 1 5 ~ 1 7 \.^rm^Mm(D'7)i'^^^' y 
[ii*si9] MfflWtc:^lbT?.i«t!t«©*i§^T 
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mb©ffl©smDT. -^;?.p>nfcej*ajK>s:iiJiL. 
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[ 2 0 ] tfriB*i#is«*5 2 ffi-c* -:> r^rapiiii 

m^mtt^m^. m%mnnw^\mmi:^y-w\%^ 40 
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mb©ffi*fiEttiL. ffflBb-;; MB^Xr-f -T-B. cn^ 
2ffi©fi-^*flt#i:b©II©&tf (JCIcSD-CWiBb- hlB^ 

[ it^ffl 2 1 ] mmwmmi)^ 2 -:, t^^p^fs 

wr^^ b-r s . mnEmmmmmm x f - •> 7- 
tt. ifria 2 «©^t#is«T©# ^ tcfci^r^i^js-r i>m^ 
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©-7;i/5=-^ y Tfeili^frio 

[ if 3}<ii 2 2 ] MiB b h SB^J- X T- -^'t'i , fu ia 2 a 
©ff-^*#|-i-i:b©ffl©&ffiRCflt.i^ffm:titiJFSfaic)£;D 

*]i 1 9 ~ 2 1 (,i-rn55iiB*g©-7;i'?'^ f y re^n:)? 

[if 2 3 ] mflBil— ©ilfti^TS^ ef^iti^dt) 6ti/c 
«i!(©GiliS«>&MiB»^©jift^--i*ftT ^ X 7" y ^ 

tfriBlir:©afl^C(:*3t^T^ff sn^tuIBb ^ HB:»x 
Mian— ©aMM*^6jllM$nr #/tfulBa 
^©feiHaiKi BUiBfl-^?t»#i:b©II i ^S(c. f^- 5? 

e^Mtcfcct s ^-i^ > a X T- i , c ©»hh 
$ - > ^atc wriBSi5:©f^aaj&^ 6 ftittei* 

t?^o-rffriB#^i' y T©b-y hSB^^ffWTSxf- ^:?' 
i^wr-sci^^^mi-r-sw^isi 9-2 2t,^m3&:> 

[if *s 2 4 ] BiTiB t' y hm^^mtm~<Dmmmtr' 

^tfiBii— ©aft/^'-^jsitH-r s X f- '7 7*i , Mian—© 
aw^fciJC^Tfyiab h BB^j-tcge-^ rffria®— ©Mfi 

mi-r?.ff*a2 3iBtg©v;i/?=^^+ yreiil^ffio 

[if3}<ii2 5] i(riB2ffl©i^#©^iWM«, n— 

■rSCi^SrWmi^^it*^! 9-2 4IBtg©v;V5^^- 
•I- yrfEiHi^x-rAo 

[ if S<ii 2 6 ] SfiB 2 a©ffiW©S«li , ©IIW 

<Dmwmv$}^c6=^^fr?>m^-mi 9-2 sib 

[if*iB2 7] MiB2ffi®st#K. »*s«isau'jes 
?MStcsaH-r.5«>©r-*sci<t>£!|#i5!<t-r5if^iii 9 

-2 eiB^©^;!.?^^^-*. yTGj*'>X-rA„ 

[if 3}<iB 2 8 ] mmm—&t/mr.<Dmmmmuf -< v 
i>imm 1 9 ~ 2 7 i^-rn*>tBtg©v;i'5^^- y ri^m 

[»BJ©iW=clM?^] 

[0 0 0 1 ] 

[^Bj©M^^K^^Sgi] :$i^mit-7}l^^^ V 7Bm 
VXT~AS:0'-€-©:?^iS{CML'. !|ftCDMT (Discrete M 
ulti-Tone ) mMyS^tlyr^i^tiri^?>-?!V=f-^^ 'J 

Tfeiilv' X A ao'-e ©:/7 ffi M T 6 ^> © r- ^ o 

[0 0 0 2] 

m^(Dtm] t^*©c©a©DMT:^5(:©-5';i'5^+i' 

yTei3|i>Xf-A©1?IIiL.TSi. *H#l¥i^fR»5. 4 
7 9, 44 7-^i;c|fli?r©JSffij!)Sfe'2.= 
[0 0 0 3] *i*^^DMT:)7^fC^3n-SAD SL 
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(Asynrnetrlc Digital Subscriber Line) SS<t 

MWi(D^-^ V Tic Q AM (Quadrature Amplitude M 
oduiation ) JC J: a^lJH^tfl^ CCOmMLtc^^VT 
^ I FFT (inverse Fast Fourier Transform) ^ffll^ 

QAM^msnfcmn^cmm^n^^<Dx$>i>. 

[0 0 0 4] CCDm-^. a^CD^i^ y rcD^^^CDt^^:/ 
HH^CD/ci?)tcS+i- UTOS NR (Signal to Noise 

Ratio : m^m^s-lt) ^m^b. CCOm^^tltcSN 10 

TCDm^^^mcio I i r & ^ CD S N R I ^ S o 
[0 0 0 b] ^^^VT^tC^ LX^it)^tlfc^\f^:^ h 20 

[0 0 0 6 ] i^^cddmttS'Sads Lf$^^itCfcl^r. 

r^^iCO-m^hXU. ±iEcD*ll5^l*^5, 4 7 

9. 4 4 7-^^^fgtCt¥a?^nrt^^. mi 3ltC(D\:^'v 

cDSNRia (15) icSiyx^^ ^ \}T^^MiK<D^^y ^ 

(16) i>COX&:h. 
[0 0 0 7 ] 

[#60^?^?^lll^*LJ:^if 6ISM] CCDDMT^^CDAD 
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<Dmn^ciK^fsmm-tts-:>xi>i>. mi 4^mi^xAD 40 

SLIUJSchTCM- I S DN[iIiai:^?^|WI— ^-:7;l/CC^t 

Ci. AD S LEII^tCfcOirTD^r&J (ATU-C (ADSL 
Termination Unit-Center side ) 5??^6ATU-R (AD 
SL Termination Unit-Remote side ) CDy^\a]) tcf — ^ 
eil^^f ':?t:i^-SB#tCATU-R:^5TCM- I SDNEl 

Igfc J: ^ - ^ J; o r ^ iss?&^^ § nrc i 
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sBNmm'^mD<Tr^yj\^<D'f-^&m^n-^xi>?> 

3tffi«IS (F EXT : Far End Crass-Talk) 
*t-^>o ^/c. AD S L[llSlCfcL^rTf3 77f^CC7^-^ 
ei^^tf -^ri^€>ff$tCTCM- I SDN[ll$I:?&^cnc^t^ 

mi^\^(D±K^y^\^(Dv'-^&m^n^x\.^^m^. 

rllSNEXT (Near End Cross-Talk ) ^^^C^. TC 

T^i77[^ir5£sccff ori^sor. ads LiMl^t^ i 

[0 0 0 9 ] u^(DA D s Lmrnxmrn^n-^tcm^. 

(NEXT) B#tCt^x^-:0^^am*T5o S/c. 
mm&^ N E X T^t#Tr cDiifttC^toiir L./c» 

mmmmxurifa6i.^x. AD3i.mm<Dmmnm^\^ 

^hti^^ ccoy^^xu. AD s Lmmt}:f h^yy' 

sii-Ttr^^:; h^yy'^^m^xmmM&^^it$-m>yj 

^x ^ . a^ffiiiiis ( F E X T ) mic um^ ^i^tc 

^4-3imaffi^A^< NEXTfffCC^^ASl^/cS^iim 
[0 0 1 0 ] iC^:0^. C(D'f::uT)V\:f^:^h^yy'y^^ 

x{tB3mm(DSNRimmm^i±ri>fci^. ±f±M^^ 

[0011] \n±(Dmm(Dfcii^. mmm^cmimm^m 
f)mtL. cmm<DmtKmmLxmm<D^M&^ 

[0012] *^0^cDSS^t^. M^cSB$rari¥«Sti/c 

«^cosNRffl*. mcmm(Dmt^?>mmmxwm$ti 

/cl OCDS NRffli^^cf Cite j^J^ . ±IBcDliM?rM 

[0013] :^mM<Dm(Dsm^t. mrji^mmxwm^ 

[0014] 

^cmtr^mmm(DmmMmT^c^i^xm-^z/mr.<D 

m^n^<i:^^cLfc^ji'^^^ y rBmi^^r-J^xi^-D 
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V r mmm (om^Mmmtms. ^ t# -s mmm^tmm 
CCD 1 '^(Dm^Mmmh<DmicmcxmE&'¥■^ <jr<D 
[0 0 1 5 ] -eur, mmm^mm*'i2mx:'&-Dx^m 

mts^ffi^si* . firs B 2 m<m=§mmr<D^ ^ *si ^ r 

f3 . itria if y h sa^f^® » , c 2 soft it^tt 
©la^tfifa 1 •^©ft-^^tjffi^itoffli L-msiat* na 

ffftat'^y MB^^s«. i>riB 1 -^off -^^wsm^ffi© 

[0016] :$:»BJ(c J;ti«, JlWW(c^{t;T-S«^« 

^cffrias^-i' u T©^ -;' na^j^^cf tf hga^j-^i^i 

[ 0 0 1 7 ] ^ur. mmmmMmtii2mx&-oxmrs 

fffiB 2 a©»iWis±iT©s V fc t ^-csftjE-r ^.ft ^>f]-it 
mt©ffl*»ai-r€.j:^«sg3n-c*3f). fSffatf-;.nB 
5>^is«. cn^2a©ft^s?t$imt©ffl©sfiiKr£;D 40 
■rifriat'.:; hm^^fi-rxomf&^nxi^^hct^WMi 
tft:. BfiB«iw«^*5 2ar'*or:7^^wi5iia 
mx'mt-r?>m^. mmmnMm^tmm^mu. mm 

2 ffiOltWiS«T©S ^ 5C O r ?^tEt- S ft -^1-?^ ItWJrt 

©ia;S:»m-r^j;e>«^3nrfco, Miat; ':. na^^ 
mt. cnm2m(omnMmmt(Dm<D^mt>cmcxm 
tat- h iB5>?: i^c-r =fc ^> nri^ ^ c i ^w^tr 
MK. fuiaH';- hiB^j-^Stt. Btiia2«©ft^>(t*t 
mt©ffl©Sfii&t;Mslft^:ti$iJPSfiitciD£; DrguIBb' 
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[0018] */t. Mian— ©aftM3^)^?>t(riBiiz:©a 

mm^(D'f'- ifrien— ©aft^B^it"^ 

es5 6 tifc«i5!©fs*jSffi^ ffria® ^©aff )i --31ft f 5 
u , tfriai^^©am;f \mtmmm'^tmm 

^ISSClf MiBtf h iB^S^ W L . fifIB t' -i. h iB:9-^ 

i|fria.m— ©aft^:^>^ 6i*ft $ tir t fcitrf a^SSt© 
ej*ajKif!riam^s:«WJ;t©»i ^stc. ^rej* 

-i»^a{cmriaa^©e3*^K3&^6«jaej^jK^@ 

# iS[ i -r e „ * /c. B? tamr. ©aftM »f«ia f h is^s- 
^luiam— ©afi^'^jHtH-rs^is^Mfc-^,^, mmm 
— ©aft ^ttttfiat:- hBB5>icSf'3-rtf)ian^©aft^ 
--©T^-i?f;ij#^^cTc:<t^!|tiiti-r€.o Mfc. tfrsa2 
a©jsw©3stWM«. m-st^mn©aft» i ©ra©a 

fmiii |5]— ^ - :7-';U±Jc#fi-r S t: i -^^Si L , * 
:^£:BtriB2ffi©*tW©i«JSt3:. ©JtWISitSy' C ©^ 
-©«-i-JI«J; fj ^>«#tt^j&5Ml^l»-©«-i-ili*rife 

sci^jRffii-r-s.., ^LT^ B«ia2«©ii#B, as 

micji:i,7'-'^{i.mxA=hct^'mt.t-r^. 

[0019] :*:^Bj{cj;nK. iSWW(e:^{t-r€.aiSt« 

©i^WJSiiTJc fci^ r m-^^mr.(Dmmmm's.mx v 

=^mmric^^ Mm u tcm tj: v ;i. 5^ + + y r © 
s+ ^ y T©ff ^>^iiwtt>£fffif Lr«8^a©{t^>!tit 
-i-i:t©ffi^f#^ ft sKi-titsFffix T-'-jv-t. mmmm 
m<Dm-^Mmmt(Dm.=^m-<i^m<Dmrj:?>mmmxmm 

$ tifc 1 -ocDis^MB^tbcom. <t L , c © 1 ooft-^^it 
*f-&tt,©ffl(cts DrSyias^ -f y r© f h la^s-^^c-r 

f V h IB^ i ^#£f C <t i -r § -7 + 

i'yTe3^:^as*^»f.n-s„ 

[ 0 0 2 0 ] u r , MiB*S#]Sii7:)^~ 2 fiT cfe o r ^ra 
Fijasirsib-r €>ii^, tufam^>t«i#j:bf¥fflx 7- y -/ 
B, itfta 2 «©*swjttiT©s ^ iicfci >s:t)^;-r •s.ft^ 

tim2m<DimMmntb(Dm^mm 1 'o<DmnMmntt 

(Dm to xmni MB^^ i^c -r J; ^ u fc c: i ^SiS: 
t-r^. t/c. mria*tW?8«*3 2«r*or^^K|iSJa 

ffria 2 ffi©^tWilJ^T©S ^ t, ^ r ?tj£;-r zm^mm. 

2«©ft-^>ft3^«l:t©ffi%ff)ia 1 '3©«-^>Sf^«WJ:b©ffi 

<t 0 Tiffta b h sB^?-^ -r =fc ^ L fc c i i f 
^*imb©ffi©-&fii&t;«ifria&+ f y r©^^$ijpfiffiic 
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[0 0 2 1 ] *fgBjifcj;ntf. mmmicmt-ri>m.mm 

[ 0 0 2 2 ] ^ Lr. ffriB^t*iS«5&^ 2 «-<::■ ifeoT^ral 

tt, B«riE2«(DjKIWS^T<D#^tcfciir*tjce:;-r-5ft-^ 

^#t#t[:©II^»m u , Sfris f h iB5>j:^ 7=- -J c 

tat:- f- i65^x r c 2 m(Dmmm^ito:) 

^^^Iti-r-So MCC. ffflBt'-y MB^Xt- -^ :7-tt, MIB 
JtBDrBfriBb'r;' MB53-*^c-r J: 5 L-fcC i^i^FiSti-r 

-So 

[0 02 3 ] t/c. fuiam— ©a{tm7&^6^*SJ66n 
fci*i5c©e3^jiffi*Hijfas^— ©afl^'^^ift-r^x-r 30 

iat'^i' MB^xr ifrfBi^— ©aff^^^5j*ft$ 
rir ^ Bu iBa^©fEaa(S i mmmmm^tt&m t 
^mt<c. 7^-^esicfcHt§-?>->;>^#m-r^xT-':' 

SA^6ftaej3ij$s*3iiR-r5X7"-y:7-i, c©m;?$ 

IBt'r? MB^€:l(nBS^— ©aftMJ&i^BtrfBH— ©ffift^ 

-^jMHjt'-SXT- f |ffiB^^©flft^{cfclJ-rf(fiB 40 
f h iB55'tcfi^ -o r M f BIS n©a{t^ '^© -r - ^ fiiH* 

[0 024] 

©*te©ffj-«ic-otijiHj-r5o 0 1 «*f6B^©Hj(fe©?fj 

it^TATU-C 1 0 0. UTATU-R2 0 0 

cn^|i§#Rg©Gil53:7-"-Y 
5^;^flPA*[HI^tcJ;^3^ft)n5o l^, *^f|Jt:B, ATC 
-C35^eATU-R'^3ilft-rSTO:^|n)©e3iiaa©^ 50 
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Jti±{4)l5&^ n/cT «3 :^l^rieitS)e r 1 ~ r 4 
(WJ-r«. 4a©j^ffii-ri)) ^ATU-R^-iUmf 
-S.^>©-Cab^„ 

[0 0 2 5] SJI?e)ll^iBltS|59 »AT U - R 2 0 0 

icxmnstifc&mmm. r n ;&iBtt-r t.©r'«) d , f 

h , -gB5>r-- 10KATU-R200;&^P. 

ilgfisnfcb'-^r ^^''7-iB^7■-:?■;^^tBtt■r5^© 
^) 3&^fft?n-^-oTf3?^(^©r-^fEjii3&^i:c3n^„ 

[0 0 2 6] jy±BATU-C 1 0 0 ©^#6^'* €>3&^, 

ATU-R 2 0 o©titgt*i>:©*p< -cab-So T<o:f;\Ms 

N R MSP 2 ttT 0 7^f^etil©l^©f£3M<KSS© S N R i¥ 

ffi^tf ^ ^ ©Tab's, ceirii, Miur, tcm- i 
SDN^^ADSLilH— ^r-'7';H^KffftL, -e©j»iS 

m^timmmicmt-r ^m-^j^c-zn^xmn-^ 02 « 

TCM- I SDN;5:'6ADSL^©}ifgi^tW^lliH^-r-S 
/c&©Elr'^^„ 11 (A) ttTCM- I SDN©7^-5« 
(DmWj\^^^V. (B) {*^ntCj;-o-CADSL (A 

Tu-R) i.mi'X^c?>ms^m^^^^~r. 

[0 0 2 7] I sDN<D±'oijmmmmct,t, atu- 

iS3g?lfgFEXT*^*D-S„ ^(Dfcmc, TO^InlSN 
RI¥ffig|32B, NEXTiFEXTi©2a©l^i^j:)5i? 

fi-r€.i©-^-c©#+ + y TJiig^tcfcif ^ s NRtt®ffi 
^^^tcffffi (3$ai) *fie-rssNR©ffi*NEx 

T SNRSO'FEXT S N R©-SSJ?5fS|33 tC^^ 
f^f -So 1=1, 0 2 (B) «TCM- I SDNtCj;t3^-r 

(c) B^L< ^ci^«^©^?i|^mLri^-s„ 1112 (C) 

tCfcl^r . f SC>'n t*IS^:0^%^T€.WrE3©B$Rgi:t^^ 
^LTfcO, c:©i^^(ct3:FEXT*5^^-r-S.agr^f J* 
N E XTT^Sfs^-r^fflran j; 0 
[0 0 2 8 ] ®K®tETJl'=fUXAg|58t*, 
> X ^- >ltff gP 4 i . iSaollRgP 5 i , b' ir 

V > X V — :^ > ItfltBP 4 i*T ^[S] S N R Map 2 r 
Wffi3nft:^®SNRfii3?:SfC. ATU-ClOO 

i: 3ii{f § tiT 4 a©ejiiss^5^ ^ siiM-r ^m-^ 
So fsii5SjssiHSP5tt. cn^4«a©^^•7*-v> 

X -v-^-y eiilft nltg-e:^)!^^^!^)^*!**) -5 
ffl^TjlK-r-So bi-h, ^W-SB^J-7— :?';i'3M{tg|56 

F. ^^■'7"iB:5>7-":7';U%ATU-C 1 0 0-\i*«-r-S 

C©b->h, ^^•'7-Se^7■-■7*;^7t'*NEXTH#S. 
CKF E X TH^-CJsraWtC^'ft-r S S N Rfii©fi-ffl^^ L-T 

^<7fftti§nfci>©-c£bSo 

[0 0 2 9] H3KEI 1©:/P i'Ottlf^^^T^D- 
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(:^.'ryy^Al) . m^^X. r l r 4 b i t / s cd 

M^mmmcmtT^m^. mcccnur cm- i s 

rJS^CDSNRfa?:t¥«L. §^?:NEXT SNR. F 10 
EXT SNR3CC{:Sf^T2>o m4<Dl IRZ^l 2m¥ 
m^tifc^m&WCCOSNRm^mL. IU^FEXT^ 
*ff#(D. 1 2t^NEXT|E6*B$<Z)#SNRfii^^-r. 
[0 0 3 0 ] ^^y ^-^>:A-7-zy>nfW^\^4it. SN 
Ri¥agB2ri¥ffiUfc*mcDSNRfii3*acc. jtfts 

wr^ {7-.'rWA2) . isi4t^-ecDit»:^ffi^7j^-r. 

11, 12 tCTj^TNEXTRCJ^F EXTfftCDSNRii^ 

m(om<m. ^ § n/c s n r m t vxi^mr ^ . 

X$>^. cn^^+i- yT(DS;^J:IS*Emaski-rSo 

tarqett^. y T^) x y T(Dmti±.m 30 

Emask) iU. ltJl««:;^(D_hPSCc J: S^i-y 

[0 0 3 2 ] eiiajSilfXSBS X U. gt»U/c4ffi«<D 
/^':7:t-v>;^v-^:>>ffl, m^t. SIS (DX-r :7°A 

2CC7^t-j:9tc4fIIIcDv^y>faml --m4 

< ^^-^ ^ - y > ^^:ttT C ^ jlim "SJftg^cG 
31jlS4ilJKTS (Xf^:.:7'A3) . ^e^iaS^cML 

x-^-iyi^tf^-^x^x^nu. A-:><Di^mm±xi)m 

ft:^pJtgr*SCi*^L. ATU-R^^ATU-CCC 40 

\^i^x±\im^m3^^\i\ti^mmrh {:^r-vy^A 

e^^^ATU-Ctcaff-ra (X7"'^"7'A4) . 
[0 0 3 3 ] ^ W -IB^Jt^- ::7Vl'i3iff g|3 6 XU 

MiR\^fciiMm&xmm^n'^tc^<D\:fvv. ^^y-m 

NEXTH^RC^F EXTH^rJl£|BgtC^{l:-rSS N 

Km^^^mi^xtmr^^^i^^h^. mmr^\fv 

h, ^^'c^-SB^^-::^;^^^. 5 1 2 y T^ffifflT ^ 50 
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m^t\^xt\WVfc\:^-j V . ^^y-W.^'r-:f)Vlij> 
6. M4^2 5 yT&C+aS-rSgB5^^F EXTfflT^ 

^:7-;b^ fg^2 5 6 + ^ y rfcffl^t-5g|55>*NEXT 

t3: A T U - R:^>> 6 A T U - C tcilft 3 o 
[0 0 3 4 ] $/c. 02 (C) CDiS^ri^. ej^lISgO 
J8«CD^{tM|S|:^)^*rHlPir ^=Cl^/ci5. ffiS^CO S N Rffl^ 
^— CD S N R fa T S ff^tC . O PalPiCD tb* f & 
n/cttSNRfa(Diilii^^**»fln$iiSo H 5 ^i^CDfc^^ 

v'^^^^mm-nm^m^. si5 (a) tcTj^^i^^cc. m 

4011, 1 2tC^-rNEXTRLJ^FEXTff$C0SNR 
F EXTHtOSNRffiS f fS. MtCNEXTH*(D 
SNRffl^nfScDMIrmSrffiSiLTf^fflTSo feilM 

at^^;^n6/ceiMiSSc7:)fa* f+nfgU. (f + n) 

x2 5 ecD+i- yT*ffiffl-rsJMS§i«??f^cur. H5 

(B) CDStJ#tf'> bSB^:)7rS^ffli^ac 

[0 0 3 5 ] f^-^cDjlff &CffifflT€>e:; b, /W-iB 
5>7"-:7;bt3:. F E X TB^tcffiffl-T^T^-r^^JbcD^^, 
F EXTff#<Z)SNRffl^ffll^/c^i- y TCDc^n^O^— ft-^ 
tclB^Sn/ctf h, ^W-SB^7=--:/;i/*ffiffl-rac 
S/cNEXTH$C7:)f^-:7Vl'^>|HHitC. NEXTB^CDSN 

Rffi^ffli^/c^ y T<D^tii)^—m^^mi^^ritc-T- 

^)V^\^m^i>. Mx.U. (3 + 2) X256=128 

o<D^^'^)T^mm'^i>thxnmhfcmh<Dm^. e 

^W-iB5>7^-:7> (135 (B) ) t^^0--2b 

sco^^^i^yrtctas-r^gB^^FEXTfflT"-:?;!/. 7 

6 8 — 10 2 SO+i- yr^Cta^TSSB^^NEXTffl 

[0 0 3 6 ] it»3n/cS^--::?^J^t^. ATU-R:0^6 
ATU-ccc3^ff §nr. fc^^^:;h. /^'•7-iB53^T^-:?;^ 

[0 0 3 7 ] m^UM3o:>:^'r^:^y^A2ifC^i>i^^^^y:t 

■r. ^^^VT {(Dmiwmti^E a) tLxiEmitL 

fcSNR ( 1 ) ?r*e55^ (X7^^:;:7"A7 ) . ^l^X. C 

(Dsm^tifcSNR ( i) ^fmmc^'^n^ c^^r^y^ 

AS) . 

SNR ( i ) ^ SNR ( i + 1 ) 

[0 0 3 8 ];^CtC. k=l, r max =-00, count 
= 0 i-r-S (Xt^^^ :7"A9 ) . K\ti70ly^. rmax 

^&(DMi<^^>':y^'rJ>^^^y^—^>:^^--i^>. c o 

un ttSrmax *ii)ig-r>S/cd5tCffiM-ra + y T^r 
-eUT. r (k) cDtf-ff^ff^ (;^y'^:^:7'A 1 

0) . 

[0 0 3 9 ] CCOr (k) cDltff^t^. 

mi: 



13 



T(k) = 10logio 



C8) 



SNR(k) 



B target 
2 k - 1 
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+ Teff - 9.8 (dB) 



[0 040] T (k) t^i+i- y T>^>>l<;btptcai?gpj 

[^2] 



SNR(k) = 



k 

TT Ei 
i = 1 



SNR(i) 



^ Etarqet= k >K Emaxi 

[0 04 2] Emaxlt^ i mS<D=^ ^ V r^miWm^rj:M 

10 C COm-^. MAtimtl E tarqettC ^-dXU. ^VT 

[0 04 3] ^Ur. T (k) >rmax r 
max=r(k), count = ki"^S(;^T*':/ A 1 

1, A12)o k/^)^Nr^ct:fnti. k-k+liL^r 
(Xt^^:; y^A 14). Ts'r-jv^ K 1 O'^MSo t: cr. 

un tt3:rmax 4a^T>5y'cit>tci£M'rSS^^ ^ T 
[0 044] mi\mi'^<D:A'rvV''K^\^UV^Z>'d-j h 
rmax:^^c 0 un t^ffifflU. 'mM(D'd v - 



[0 04 1 ] i saco+ y T^o^ffiffl-r-s^acDjUfts 20 

;'JE1 t^. 

E i = E maxi 

^::^;Etarqett^. * 

b 1 = floor [loq2 { 1 + Emaxi S N R ( i ) /T max } ] 

d1ffi = b 1 - 1oq2 { 1 + E maxi S N R ( i ) /E max } 
tCj:D»ffi3nS (Xt^^:.:7'A 15). ★ [Sfc3] 

[0 045 ] C err max ★ 

2 



r, 



max 



+ JTmax - y'eff- 4.77 (dB) 



Q(x) = 



■A-©! 



/2 7C 



dy 



[0 04 6 ]^Ur. Btotal ^ft^T-S (;^t^';/:7'A 
16). CCDB total t^. JMffiCDt''^ hSe5>^-- 

fcf'^:^ h^r^f^. Btotal =Sb'it:*^„ C 

etc. i = 0-N- 1 (DlMPr^^. 
[0 04 7] ^LT. Btotal < B tarqet"C*^J©^. 
JMfiECDt > hM^-r-^Ji'^^^ ;ft^"CD diffi 

fa^f^-^j+i-yroe^:. ne^j^-^^vi' {b ' i } ^i 50 



t:'':r HtJU^i^. diffi = diffi +1, Btotal = B to 
tal + 1 iT^ (::^v^yy'Al 7 , A 1 8) o Ctl^B 

total =Btarqetttj:^^VM^MT:: 
[0 04 8 ] 118^^113©;^^^^:^ :7^A 5 fCfct:f - 

^etl/ct"^:^ hm^'r-y^^i^ {b ' i } ^StC Pe 
( i ) =Pe,i,tarqeti^C^>J:^fC, A.^«.t/ {E ' i 
) ^rfiJ^r-S (Xt^ :.:7'A 1 9 ) . Pe 
( i ) ta: i SBCO+i- y TCD:i^'7-S6^. Pe.i .tarqet 
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^tiSB(D^^Vr<DBU:r.^-mmX'$>^o {E 

M&<DmMitMt}E total 
E total = X E 1 

[0 04 9 ]^ LT. Sf*«*:5>^ { E i } ^WMS 

(X'r':^:7'A2 1) « COSiUMt^. Etarqet/E 

total iEmax,i i CO ^5 "i^/Kj: -Sffl* E i i-T-SC^-C 

(K:^;) iB^>7"--:?^'i't^. {b ' i } {E ' i } 
J: e>n i tc^c So 

[0 0 5 0 ] *ffe0^CDffe(Z)*SfeCDm^tc:o#MH^ 

tc4-D(D&mMmt. ATU-C;0^6ATU-RtCf^;^?:^ 
-?ril«§n2) (X7^';;:7°A 1 ) o ri:;^)^6r 20 

4 b i t /s©4ffiSlCDej^aa^5'^Oft^O^^'^^-^ 

[0 0 5 1 ] ATu-RWjti. m^mi)mmm^cmtr 

I^OCfffif ^>«^. I SDN^^6ADSLtC?^LTNE 
XTRC>FEXT:^J^^*TSo T O^f^ S N RlfffiSR2 

ffiU. ^^^NEXT SNR, FEXT SNRSfC 

SNRfB-fe^U. 1 U^F EXTffe^Bt©. 12£iNE 30 

X T m^mco^ S N Rffl^^-r o 

[ 0 0 5 2 ] ^^':7^-^>7^'v^->>>lt»g|34^^. SN 

R iffffiSP 2 ri¥ffi L fcim^<D s N R fa 3 . j^lft ^ 
fff 5) (X-r :;:7'A2 ) . ia9t^^cDlt»*^i?r7j^To 

sB^rtflrifffis ntcmmco s n r fas ^ii3^ft«:t; 

BB^J-^^^ffUi^So ^cDch#. 139 tc^$n^>J:5tc 40 
M^cS0#rat:i¥ffiS n/cN E XrmJ^l^F E XT0$CD S 
NRfili^--^{SlH*CD^a:^<t*#MLr. ATU- 

[0 0 5 3 ] eiiajsiijxgp5 rti. imLfc4mm(D 

2fC^-rJ:5fC4ffiSiC0v->^>f[iml -^-04 {5 
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m^'^mrr^y^Ct^fikl,. ATU-R^^ATU-CCC 
>^>*ATU-CtCjlftTS (;^7^'^:7"A4) . 

h , ^^y-m^r^-y'jmmm^r:itmiRLfci^mm& 

■r-S (Xt"^3.:7°A5) . C(D'r--:fMt. NEXTP^R 
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ABSTRACT 



A multi-carrier transmission system and a method thereofor 
employing a bit distribution method capable of solving the 
problem set forth above by regarding a pluraHty of SNR 
values evaluated at different timings as one SNR value 
evaluated at different frequency at the same timing and is 
capable of solving the problem set forth above by realizing 
a given transmission speed depending upon a plurality of 
SNR values evaluated at different timings and thus maxi- 
mizing performance margin. The multi-carrier transmission 
system has signal to noise ratio evaluating means for obtain- 
ing a plurality sets of signal to noise ratio by evaluating 
signal to noise ratio of each of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments, and bit distribution means for perform- 
ing bit distribution of each carrier depending upon one set of 
signal to noise ratio with taking a plurality of sets of signal 
to noise ratios as one set of signal to noise ratio evaluated on 
different frequency at the same timing. 
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MULTI-CARRIER TRANSMISSION SYSTEM 
AND METHOD THEREOF 

BACKGROUND OF THE INVENTION ^ 

1. Field of the Invention 

The present invention relates generally to a multi-carrier 
transmission system and a transmission method. More 
particularly, the invention relates to a multi-carrier trans- 
mission system and a transmission method known as Dis- 10 
Crete Multi-Tone (DMT) modulation system. 

2. Description of the Related Art 

A typical example of the conventional DMT type multi- 
carrier transmission system, there has been a technology 
disclosed in U.S. Pat. No. 5,479,447 to Chow et al. 

An Asymmetric Digital Subscriber Line (ADSL) unit to 
be employed in the DMT system is designed to perform 
modulation for a plurality of carriers by Quadrature Ampli- 
tude Modulation (QAM) and to transmit the modulated 
carriers by multiplexing using Inverse Fast Fourier Trans- 
form (IFFT). On the receiver side, each carrier is extracted 
from the multiplexed reception signal using FFT to demodu- 
late into the QAM modulated signal. 

In such case, a signal to noise ratio (SNR) of each carrier 
is measured for bit distribution for each of a plurality of 
carriers, and the bit distribution is derived according to the 
measured SNR. For example, as identified by 15 in FIG. 13, 
the frequency on the horizontal axis is each carrier to be used 
or transmission. A frequency band of each carrier is 4.3125 
Hz and total number of the frequency bands is 256. Each of 
these values is not specific and limitative. Upon data 
transmission, the carriers are modulated respectively. At this 
time, a value of SNR is evaluated to derive bit distribution 
according to the evaluated SNR. In this case, in evaluation 
of SNR, respective SNR values are derived at respective 
frequency bands of the carriers. 

Each carrier performs transmission at a bit number 
according to each of bit distributions thus determined. The 
bit number is determined on the basis of the evaluated SNR 
so that a given transmission speed can be satisfied and a 
performance margin becomes maximum. 

One example of a method for calculating the bit distri- 
bution to provide the maximum performance margin in the 
transmission speed in the conventional DMT type ADSL 45 
technology, has been disclosed in the above-identified U.S. 
Pat. No. 5,479,447. FIG. 13 illustrates one example of the bit 
distribution method set forth above. Once, a desired trans- 
mission speed (bit rate) is given, number of bits is distrib- 
uted for each carrier (16) so that each carrier may have the 50 
maximum performance margin on the basis of the SNR 
value (15) of the measured transmission path. 

In the DMT type ADSL technology, in Japan, a Time 
Compression Multiplexing (TCM) type ISDN is present 
within the same cable. A periodic crosstalk caused by 55 
presence of the TCM type ISDN causes substantial noise in 
a signal for the ADSL. Here, discussion will be given for 
crosstalk to be generated when ADSL line and TCM -ISDN 
line are commonly present in the same cable, with reference 
to FIG. 14. FIG. 14 illustrates crosstalk to be caused by 60 
ADSL Termination Unit-Remote side (ATU-R) due to data 
transmission by the TCM- ISDN line while data transmission 
is performed from a down direction (a direction of ADSL 
Termination Unit-Center side (ATU-C)) to the ATU-R in the 
ADSL line. 65 

As shown in FIG. 14, while data transmission in the down 
direction is performed in the ADSL line, if data transmission 



in the down direction is performed by the TCM-ISDN line. 
Far End Crosstalk (FEXT) is caused. On the other hand, if 
data transmission in an up direction is performed the TCM- 
ISDN line while data transmission in the down-direction is 
performed in the ADSL line. Near End Crosstalk (NEXT) is 
caused. In the TCM type ISDN line, data transmission is 
performed alternately in up direction and down direction. 
Therefore, due to influence of Ping-Pong type data trans- 
mission of the ISDN line, near end crosstalk and far end 
crosstalk are caused periodically in the ADSL line. 

When communication is performed by the conventional 
ADSL technology, due to periodic crosstalk, large amount of 
error is caused at the occurrence of near end crosstalk 
(NEXT) in bad noise condition. On the other hand, when the 
transmission speed is calculated adapting to communication 
under NEXT noise, the transmission speed is lowered sig- 
nificantly. Under a condition where a crosstalk noise from 
the ISDN is present, so-called dual bit map system is 
considered for improving communication performance of 
the ADSL unit. In this system, ADSL unit employs a system 
which has two bit maps (bit distributions) and changes 
communication speeds by switching the bit map in synchro- 
nism with the period of the crosstalk noise. Upon occurrence 
of the far end crosstalk (FEXT), communication speed is set 
high for low noise level, and upon occurrence of NEXT, 
communication speed is set low for high noise level. 

However, since a plurality of the SNR values of the 
transmission line in the dual bit map system are present, it 
is not possible to perform bit distribution from the bit rate 
(transmission speed) given from the larger level. Namely, it 
is necessary that, on the basis of the measured SNR values, 
the given bit rate is distributed to two kinds of transmission 
speed and bit number is distributed for respective carriers. 

For the problems set forth above, if noise amount on the 
line is periodically varied and a plurality of transmission 
speed is switched in synchronism with variation of the noise, 
maximum performance margin cannot be obtained by the 
conventional bit distribution method. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
multi-carrier transmission system and a method therefor 
employing a bit distribution method capable of solving the 
problem set forth above by regarding a plurality of SNR 
values evaluated at different timings as one SNR value 
evaluated at different frequency at the same timing. 

Another object of the present invention to provide a 
multi-carrier transmission system and a method therefor 
employing a bit distribution method capable of solving the 
problem set forth above by realizing a given transmission 
speed depending upon a plurality of SNR values evaluated 
at different timings and thus maximizing performance mar- 
gin. 

According to the first aspect of the present invention, a 
multi-carrier transmission system performing data transmis- 
sion between first and second communication stations under 
presence of a plurality of periodically varying noises, com- 
prises: 

signal to noise ratio evaluating means for obtaining a 
plurality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

bit distribution means for performing bit distribution of 
each carrier depending upon one set of signal to noise ratio 
with taking a plurality of sets of signal to noise ratios as one 
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set of signal to noise ratio evaluated on different frequency 
at the same timing. 

In the construction set forth above, the signal to noise 
ratio evaluating means may be constructed to derive the set 
of the signal to noise ratio corresponding to each of two 
kinds of noise environments when two kinds of noise 
environments varies in regular interval period, and the bit 
distribution means may be constructed for establishing the 
bit distribution with taking two kinds of signal to noise ratio 
sets as the one signal to noise ratio set. On the other hand, 
the signal to noise ratio evaluating means may be con- 
structed to derive the set of the signal to noise ratio corre- 
sponding to each of two kinds of noise environments when 
two kinds of noise environments varies irregular interval 
period, and the bit distribution means may be constructed for 
establishing the bit distribution with taking two kinds of 
signal to noise ratio sets as the one signal to noise ratio set. 
Also, the bit distribution means may perform bit distribution 
depending upon the one signal to noise ratio set and a power 
restriction value of each of the carriers. 

According to the second aspect of the present invention, 
a multi-carrier transmission system performing data trans- 
mission between first and second communication stations 
under presence of a plurality of periodically varying noises, 
comprises: 

signal to noise ratio evaluating means for obtaining a 
plurality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carrier at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

bit distribution means for performing bit distribution of 
each carrier for realizing a given transmission speed and a 
maximum performance margin depending upon respective 
values of a plurality of signal to noise ratio sets. 

In the construction set forth above, the signal to noise 
ratio evaluating means may be constructed to derive the set 
of the signal to noise ratio corresponding to each of two 
kinds of noise environments when two kinds of noise 
environments vary in regular interval period, and the bit 
distribution means may be constructed for establishing the 
bit distribution with taking two kinds of signal to noise ratio 
sets as the one signal to noise ratio set. On the other hand, 
the signal to noise ratio evaluating means may be con- 
structed to derive the set of the signal to noise ratio corre- 
sponding to each of two kinds of noise environments when 
two kinds of noise environments vary irregular interval 
period, and the bit distribution means may be constructed for 
establishing the bit distribution with taking two kinds of 
signal to noise ratio sets as the one signal to noise ratio set. 
The bit distribution means may perform bit distribution 
depending upon the one signal to noise ratio set and a total 
transmission power restriction value. 

In case of data transmission from the first communication 
station to the second communication station, the first com- 
munication station may include means for transmitting pre- 
determined plurality of transmission speed to the second 
communication station and the second communication sta- 
tion may have the signal to noise ratio evaluating means and 
the bit distribution means, the bit distribution means may 
include means for deriving a margin in data transmission on 
the basis of a plurality of transmission speed transmitted 
from the first communication station, means for selecting an 
optimal transmission speed from the plurality of transmis- 
sion speed on the basis of the derived margin, and means for 
deriving bit distribution of each of the carriers according to 
the selected transmission speed. The second communication 
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station may include means for transmitting the bit distribu- 
tion to the first communication station, and the first com- 
munication station may performs data transmission to the 
second communication station according to the bit distribu- 
5 tion. Noise source of the two kinds of noises may be present 
on a common cable with a communication line between the 
first and second communication stations. The two kinds of 
noise environments may be a first noise environment and a 
second noise environment having worse noise condition 
than the first noise environment. The two kinds of noises 
may be caused by far end crosstalk and near end crosstalk. 
A communication line for data transmission between the first 
and second communication stations may be a digital sub- 
scriber line. 

According to the third aspect of the present invention, a 
-^^ multi-carrier transmission method performing data transmis- 
sion between first and second communication stations under 
presence of a plurality of periodically varying noises, com- 
prises: 

signal to noise ratio evaluating step of obtaining a plu- 

20 rality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

bit distribution step of performing bit distribution of each 

25 carrier depending upon one set of signed to noise ratio with 
taking a pluraHty of sets of signal to noise ratios as one set 
of signal to noise ratio evaluated on different frequency at 
the same timing. 

In the method set forth above, the signal to noise ratio 

30 evaluating step may be designed to derive the set of the 
signal to noise ratio corresponding to each of two kinds of 
noise environments when two kinds of noise environments 
vary in regular interval period, and the bit distribution step 
may be designed for establishing the bit distribution with 

2^ taking two kinds of signal to noise ratio sets as the one signal 
to noise ratio set. The signal to noise ratio evaluating step 
may be designed to derive the set of the signal to noise ratio 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 
val period, and the bit distribution step may be designed for 
establishing the bit distribution with taking two kinds of 
signal to noise ratio sets as the one signal to noise ratio set. 
The bit distribution step may perform bit distribution 
depending upon the one signal to noise ratio set and a power 
restriction value of each of the carriers. 

45 According to the fourth aspect of the present invention, a 
multi-carrier transmission method performing data transmis- 
sion between first and second communication stations under 
presence of a plurality of periodically varying noises, com- 
prises: 

50 signal to noise ratio evaluating step of obtaining a plu- 
rality sets of signal to noise ratio by evaluating signal to 
noise ratio of each carrier of the multi-carriers at different 
timing respectively corresponding to a plurality of kinds of 
noise environments; and 

55 bit distribution step of performing bit distribution of each 
carrier for realizing a given transmission speed and a maxi- 
mum performance margin depending upon respective values 
of a plurality of signal to noise ratio sets. 

The second communication station may include step of 
transmitting the bit distribution to the first communication 
station, and the first communication station may perform 
data transmission to the second communication station 
according to the bit distribution. 

g5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from 
the detailed description given herebelow and from the 
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accompanying drawings of the preferred embodiment of the 
present invention, which, however, should not be taken to be 
limitative to the invention, but are for explanation and 
understanding only. 
In the drawings: 

FIG. 1 is a block diagram showing a preferred embodi- 
ment of a multi-carrier transmission system according to the 
present invention; 

FIG. 2 is a showing a relationship between a TCM-ISDN 
data and a noise condition to ADSL; 

FIG. 3 is a flowchart showing an operation of the blocks 
in the preferred embodiment of the multi-carrier transmis- 
sion system of FIG. 1; 

FIG. 4 is an illustration showing an example of a bit 
distribution in the case where noise period is equal interval; 

FIG. 5 is an illustration showing an example of a bit 
distribution in the case where noise period is not equal 
interval; 

FIG. 6 is a flowchart showing a detail of step A2 in FIG. 

3; 

FIG. 7 is a flowchart showing a calculation method of a 
bit distribution at step A5 of FIG. 3; 

FIG. 8 is a flowchart showing a calculation method of a 
power distribution at step AS of FIG. 3; 

FIG. 9 is an illustration showing another example of bit 
distribution in the case where the noise period is equal 
interval; 

FIG. 10 is a flowchart showing another example of step 
A2 of FIG. 3; 

FIG. 11 is a flowchart showing another example of a 
calculation method of a bit distribution at step A5 of FIG. 3; 

FIG. 12 is a flowchart showing another example of a 
calculation method of a power distribution at step A5 of FIG. 
3; 

FIG. 13 is an illustration showing an example of the 
conventional bit distribution; and 

FIG. 14 is an illustration showing an example of occur- 
rence of far end crosstalk and near end crosstalk. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will be discussed hereinafter in 
detail in terms of the preferred embodiment of the present 
invention with reference to the accompanying drawings. In 
the following description, numerous specific details are set 
forth in order to provide a thorough understanding of the 
present invention. It will be obvious, however, to those 
skilled in the art that the present invention may be practiced 
without these specific details. In other instance, well-known 
structures are not shown in detail in order to avoid unnec- 
essarily obscure the present invention. 

FIG. 1 is a block diagram showing the preferred embodi- 
ment 10 of a multi-carrier transmission system according to 
the present invention. Referring to FIG. 1, an ATU-C 100 as 
a central office and an ATU-R 200 as terminal are provided, 
respectively. Transmission between the ATU-C 100 and the 
ATU-R 200 is performed through a digital subscriber fine. It 
should be noted that, in the shown embodiment, discussion 
wiU be given for determination of a transmission speed in 
down direction transmitting from the ATU-C 100 to the 
ATU-R 200. A down transmission speed transmitting portion 
1 is designed for transmitting down transmission speeds rl 
to r4 (four kinds of speeds rl to r4 the shown embodiment) 
designated from a not shown upper level, to the ATU-R. 
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A selected transmission speed storage portion 9 is 
designed for storing a transmission speed rn selected by the 
ATU-R 200. A bit and power distribution table 10 stores a bit 
and power distribution table transmitted from the ATU-R 

5 200. According to the bit and power distribution table 10, 
data transmission in down direction is performed with 
effecting bit distribution and power distribution (mapping) 
of respective carriers. 

The foregoing is the function of the ATU-C 100. On the 
other hand, the function of the ATU-R 200 is as follow. A 
down direction SNR evaluating portion 2 performs an SNR 
evaluation of a transmission line upon down transmission. 
Here, as an example, discussion wiU be given for the case 
where a TCM-ISDN and an ADSL are present in the same 

-^5 cable and a crosstalk therebetween varies periodically. FIG. 
2 is an illustration for explaining crosstalk firom the TCM- 
ISDN to the ADSL and shows a relationship between a 
transmission speed of data of the TCM-ISDN and a crosstalk 
caused for the ADSL(ArU-R). 

20 Upon up transmission of the ISDN, near end crosstalk 
NEXT is caused in the ATU-R, and upon down transmission, 
far end crosstalk FEXT is caused. Therefore, the down 
direction SNR evaluating portion 2 evaluates (calculates) 
sets of SNR values at each carrier frequencies respectively 

25 in the case where two kinds of noises NEXT and FEXT are 
present, and corresponding sets of SNR are held in respec- 
tive holding portions 3 of NEXT SNR and FEXT SNR. It 
should be noted that FIG. 2 shows the case where a time 
interval of the crosstalk noise is equal and the case where the 

30 time interval is not equal, respectively. In FIG. 2, f and n are 
time ratio of a period where a noise is generated. In FIG. 2, 
f represents a period where FEXT is generated and n 
represents a period where NEXT is generated. In shown 
case, the period f of FEXT is shorter than the period n of 

35 NEXT. 

A speed adaptive algorithm portion 8 includes a perfor- 
mance calculating portion 4, a transmission speed selecting 
portion 5 and a bit and power distribution table transmitting 
portion 6. The performance margin calculating portion 4 

40 calculates four kinds of maximum performance margin 
values when four kinds of transmission speeds transmitted 
from the ATU-C 100 are realized on the basis of the SNR 
value 3 of the line evaluated by the down direction SNR 
evaluating portion 2. The transmission speed selecting por- 

45 tion 5 selects a value at which the transmission can be 
performed and a transmission speed is maximum, from four 
kinds of performance margin values thus derived. The bit 
and power distribution table transmitting portion 6 transmits 
the bit and power distribution table to the ATU-C 100 for 

50 performing transmission at the selected transmission speed 
rn. The bit and power distribution table 7 stores respective 
sets of SNR values varying periodically upon occurrence of 
NEXT and FEXT. 

FIG. 3 is a flowchart showing operation of the various 

55 blocks in the preferred embodiment of the multi-carrier 
transmission system of FIG. 1. Four transmission speeds 
provided from the upper level are transmitted from the 
ATU-C to the ATU-R (step Al). For example, four kinds of 
the transmission speeds of rl to r4 bit/s are transmitted from 

60 the ATU-C to the ATU-R together with other parameters. On 
the ATU-R side, when the noise amount is varied 
periodically, particularly when TCM-ISDN is present within 
the same cable, NEXT and FEXT are caused from ISDN to 
ADSL. In the down direction SNR evaluating portion 2, the 

65 SNR values at respective frequencies are evaluated in both 
cases of occurrence of NEXT and FEXT to store respective 
of evaluated SNR values in NEXT SNR and FEXT SNR 
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holding portions 3. The reference numerals 11 and 12 of 
FIG. 4 show the evaluated SNR values of respective 
frequencies, in which 11 represents the SNR value at the 
occurrence of FEXT and 12 represents the SNR value at the 
occurrence of NEXT. 5 

The performance margin calculating portion 4 calculates 
four kinds of bit distributions to be set at values where the 
performance margin becomes maximum on the basis of the 
SNR values of the line evaluated by the SNR evaluating 
portion 2, upon realizing the transmitted four transmission 
speeds (step A2). FIG. 4 shows the calculation method. The 
SNR values at the occurrences of NEXT and FEXT shown 
by 11 and 12 are used as evaluated SNR values up to double 
of the frequency instead of varying periodically, as shown by 
13 in FIG. 4. 

By this, upon calculation of the performance margin of 
the line, the bit distribution method is used regarding as the 
case where the transmission speed is double of the value of 
the given transmission speed and 512 carriers are used 
concerning the line where a used frequency band width is 20 
double and have no SNR value variation in time as shown 
by 13 in FIG. 4. The shown-embodiment is the case where 
power of each carrier is restricted. An upper limit of the 
power of each carrier is assumed as E^^^^^. Here, an upper 
limit ^target ^ total transmission power useful for data 25 
transmission is set as (all carrier number)x(upper limit E^^^^^ 
of power of each carrier), and the transmission power useful 
for each carrier is not restricted by the upper limit of the total 
transmission power. 

In the transmission speed selecting portion 5, from the 30 
calculated four kinds of performance margin, e.g. four kinds 
of margin values ml to m4, the transmittable transmission 
speed which is the highest and the margin is not negative is 
selected (step A3). If all margins are negative concerning all 
transmission speeds, it represents that all four transmission 35 
speeds are not transmittable (step A6). Then, the ATU-R 
transmits all transmission speeds fault output to the ATU-C. 
If any one of the transmission speeds can be selected, the 
selected transmission speed and the performance margin are 
transmitted to the ATU-C (step A4). 40 

In the bit and power distribution table transmitting portion 
6, the bit and power distribution table necessary for trans- 
mission at the selected transmission speed is transmitted 
(step A5). In order to obtain this table, it is required to 
calculate the SNR values varying periodically upon occur- 45 
rence of NEXT and FEXT. As the bit and power distribution 
table, a portion of the bit and power distribution table 7 
derives for the case where 512 carriers are used, correspond- 
ing to former 256 carriers is used as FEXT table, and a 
portion corresponding to later 256 carriers is used as NEXT 50 
table. Respective of calculated tables are transmitted from 
the ATU-R to the ATU-C. 

On the other hand, when variation period of the noise on 
the transmission line is not equal interval as shown in FIG. 
2, and when a plurality of SNR values are made into a single 55 
SNR value, the frequency corresponding to the SNR value 
is increased in a magnitude corresponding to the ratios f and 
n of the time interval. FIG. 5 shows a calculation method of 
the bit distribution. As shown in FIG. 5, the SNR values at 
the occurrence of NEXT value and FEXT value shown by 11 60 
and 12 of FIG, 4 are used with extending the SNR value at 
the occurrence of FEXT up to the f times of frequency and 
the SNR value at the occurrence of NEXT up to the n times 
of frequency. Regarding that transmission speed is f +n times 
of the value of the given transmission speed and the line 65 
used (f+n)x256 carriers, the bit distribution method showing 
in the lower side of FIG. 5 is used. 



As the bit and power distribution table to be used in data 
transmission, in case of the table to be used upon occurrence 
of FEXT, the bit and power distribution table to be assigned 
for one group of carriers using the SNR values upon 
occurrence of FEXT is used. Similarly, as the table at the 
occurrence of NEXT, a table assigned for one group of 
carriers using the SNR values upon occurrence of NEXT. 
For example, in the case calculated assuming that (3+2)x 
256=1280 carries are used, a portion corresponding to 0 to 
255 carriers is taken as FEXT, and a portion corresponding 
to 768 to 1023 carriers is taken as NEXT table. 

The calculated tables are transmitted from the ATU-R to 
the ATU-C and is held in the bit and power distribution table 
10 to be used for bit and power distribution (mapping) upon 
down transmission. 

FIG. 6 is a flowchart showing a calculation method of the 
performance margin in step A2 of FIG. 3. At first, a 
normalized SNR(i) is derived with taking the transmission 
power of each carrier as E(i) (step A7). Then, the calculated 
SNR(i) is sorted in descending order (step A8), to re- assign 
the number to satisfy, 

SNRii)^SNR{i+l) 

It should be noted that for all number up to i smaller than 
total carrier number N, the foregoing inequality is appli- 
cable. 

Next, it is assumed that k=l, 7^^=-oo, count=0 (step A9). 
k is a counter, is a current possible maximum system 
performance margin, and count is a number of carriers to be 
used for achieving Ymoa;- Then, calculation of Y(k) is per- 
formed (step AlO). 

The equation for calculating y (k) is as follow: 



rik) = loiogj 



[ SNRjk) ] 

0 1 Btarget \ ' 



7^-9.8(dB) 



[Equation 1] 



7(k) is the maximum system performance margin which 
can be achieved in one carrier symbol. At this time, a target 
speed to be achieved is ^targer> total effective coding gain is 
y^^, a desired bit error rate is 10"^, and the k in number of 
the best carriers are used. Then, a current geometric average 
SNR is expressed by: 



SNR{k) = 



Y\ Ei-SNR(i) 



[Equation 2] 



A current transmission power E^ used by (i)th order carrier 
is expressed by: 



where a total input power ^target restricted by a transmitter 
is expressed by: 

wherein k is number of carriers to be used. 

^maxi is the maximum power which can be transmitted by 
the (i)th order carrier. E^^,- is determined by the transmis- 
sion power mask. In this case, the maximum power which 
can be transmitted by each carrier is not restricted by the 
total input power E,,,,.^^,,. 

Then, when y (k)>y,„^^., y„j^=(k) and count k are set (steps 
All and A12). K is not N, k=k+l is set (step A14). Then, 
process is returned to step AlO. Here, y^^x represents the 
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possible maximum system performance margin at a given 
system parameter, and count becomes the best carrier num- 
ber to be used for achieving y^^.^.. 

FIG. 7 is a flowchart showing a calculation method of the 
bit distribution table at step AS of FIG. 3. Using the 5 
foregoing y^^x count, the initial bit distribution table 
{b'i} is calculated by 



fo,=floor[log 2{l+£„^, SNR(i)/r„^} 

In the foregoing equation, floor represents cutting off at 
decimal point. A cut off value below decimal point is derived 
as diff^ expressed as follow (step A15). 

diff~br\og 2{l+£^„^,- SNR(i)fY^^^} 

Here, F^^ is expressed by 



10 
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Tmax = [e"'(^)f +rmax " Jeff " 4.77(dB) 



[Equation 3] 



wherein Pe is a bit error rate, N^, is number of points having 
closest in an input signal constellation, and Q function is 
defined by the following equation. 



25 



[Equation 4] 
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Then, B^^^^^ is calculated (step A16). B^^,^^^ is total bit 
number supported by the current bit distribution table at one 
multi-carrier symbol, in which Byo^^;=2b'i. Here, 2 is a sum 
of i=0 to N-1. 

Then, when ^t<?tai^^ targets t)it is increased from the 
current bit distribution table, i.e. the bit distribution table 
{b'i} of the carrier having minimum diff,- value to establish 
diff,=diff,+l, B,^,,,=B,^,,,+1 (steps A17 and A18). This pro- 
cess is repeated until B^^^^;=B^^^^;+1 is established. FIG. 8 is 
a flowchart showing a calculation method of the power 
distribution table at step A5 of FIG. 3. At first, on the basis 
of the given bit distribution table {b'i} an input power {E'i} 
is assigned so that ^e(^)=^^. f raj^et is established (step A19). 
Here, P^,(i) is an error probability of the (i)th order carrier, 
^e,i,target^^ a target error probability of the (i)th order carrier. 
It should be noted that {E'i} is a total transmission power to 
be used by the (i)th order carrier. The current total trans- 
mission power ^^o^ai is derived by the following equation 
(step A20). 

50 

Here, 2 is a sum of i=0 to N-1. 

Then, final power distribution {E'i} is re -adjusted (step 
A21). The re-adjustment can be performed by setting 
smaller one of E,^,.^^/E,^,^^ and E^^ , as E,. The initial bit 
and the power distribution table in the shown system is 55 
provided as {b'i} and {E'i}. 

Next, another embodiment of the multi-carrier transmis- 
sion system according to the present invention will be 
discussed. The foregoing embodiment is directed to the case 
where transmission power of each carrier is restricted, the 60 
shown embodiment is directed to the case where total 
transmission power is restricted. Even in the shown 
embodiment, the construction of the multi-carrier transmis- 
sion system is the same as that illustrated in FIG. 1, and 
operation thereof is the same as that illustrated in the 65 
flowchart of FIG. 3. In the shown embodiment, the four 
transmission speeds provided from the upper level is trans- 



mitted from the ATU-C to the ATU-R (step Al). For 
example, the four kinds of transmission speeds of rl to r4 are 
transmitted from the ATU-C to the ATU-R together with 
other parameters. 

On the ATU-R side, when the noise amount is varied 
periodically, particularly when TCM-ISDN is present in the 
same cable, NEXT and FEXT are caused from ISDN to 
ADSL. In the down direction SNR evaluating portion 2, 
SNR values at respective frequency in both cases of occur- 
rence of NEXT and FEXT, are evaluated and respectively 
stored in NEXT SNR and FEXT SNR 3. The reference 
numerals 11 and 12 of FIG. 4 show the evaluated SNR 
values of respective frequencies, in which 11 represents the 
SNR value at the occurrence of FEXT and 12 represents the 
SNR value at the occurrence of NEXT. 

The performance margin calculating portion 4 calculates 
four kinds of bit distributions to be set at values where the 
performance margin becomes maximum on the basis of the 
SNR values of the line evaluated by the SNR evaluating 
portion 2, upon realizing the transmitted four transmission 
speeds (step A2). FIG. 9 shows the calculation method. Bit 
distribution of the multi-carriers are respectively calculated 
so as to realize a given transmission speed and maximize 
performance margin in consideration of a plurality of SNR 
values evaluated at different timing and the total transmis- 
sion power. At this time, as shown in FIG. 9, in consideration 
of the SNR values at the occurrence of NEXT and FEXT to 
be evaluated at different timing, and a total power upon data 
transmission, the bit distribution of each carrier in the 
multi-carrier is derived so that the transmission speed given 
by the ATU-C 100 is realized and the performance margin 
can be maximized. 

In the transmission speed selecting portion 5, from the 20 
calculated four kinds of performance margins, e.g. four 
kinds of margin values ml to m4, the transmittable trans- 
mission speed which is the highest and the margin is not 
negative is selected (step A3). If all margins are negative 
concerning all transmission speed, it represents that all four 
transmission speeds are not transmittable. Then, the ATU-R 
transmits all transmission speeds fault output to the ATU-C 
(step A6). If any one of the transmission speeds can be 
selected, the selected transmission speed and the perfor- 
mance margin are transmitted to the ATU-C (step A4). In the 
bit and power distribution table transmitting portion 6, the 
bit and power distribution table necessary for transmission at 
the selected transmission speed is transmitted (step AS). 
This table is required to calculate the SNR values varying 
periodically upon occurrence of NEXT and FEXT. Respec- 
tive of calculated tables are transmitted from the ATU-R to 
the ATU-C. 

On the other hand, when variation period of the noise on 
the transmission line is not equal interval as shown in FIG. 
2, and when a plurality of SNR values are made into a single 
SNR value, the frequency of the SNR value is increased in 
a magnitude corresponding to the ratios f and n of the time 
interval. FIG. 5 shows a calculation method of the bit 
distribution. As shown in FIG. 5, the SNR values at the 
occurrence of NEXT value and FEXT value shown by 11 
and 12 of FIG. 4 are used with extending the SNR value at 
the occurrence of FEXT up to the f times of frequency and 
the SNR value at the occurrence of NEXT up to the n times 
of frequency. Regarding that transmission speed is f +n times 
of the value of the given transmission speed and the Hne 
used (f+n)x256 carriers, the bit distribution method showing 
in the lower side of FIG. 5 is used. 

As the bit and power distribution table to be used in data 
transmission, in case of the table to be used upon occurrence 
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of FEXT, the bit and power distribution table to be assigned 
for one group of carriers using the SNR values upon 
occurrence of FEXT is used. Similarly, as the table at the 
occurrence of NEXT, a table assigned for one group of 
carriers using the SNR values upon occurrence of NEXT is 
used. For example, in the case of FIG. 5 calculated assuming 
that (3+2)x256=1280 carries are used, a portion correspond- 
ing to 0 to 255 carriers is taken as FEXT table, and a portion 
corresponding to 768 to 1023 carriers is taken as NEXT 
table. The calculated tables are transmitted from the ATU-R 
to the ATU-C and is held in the bit and power distribution 
table 10 to be used for bit and power distribution (mapping) 
upon down transmission. 

FIG. 10 is a flowchart showing a calculation method of 
the performance margin in step A2 of FIG. 3. At first, a 
normalized SNR(i) is derived with taking the transmission 
power of each carrier as E(i) (step SIO). Then, the calculated 
SNR(i) is sorted in descending order (step Sll), to re- assign 
the number to satisfy, 

SNR{i)^SNR(i+l) 

It should be noted that for aU number up to i smaller than 
total carrier number N, the foregoing inequality is appli- 
cable. 

Next, it is assumed that k=l, K^=K^O, count^=count^= 
0, Y^«^=-oo (step 812). k is a counter, y^^^ is a current 
possible maximum system performance margin, and county 
and county are a number of carriers to be used for achieving 
Imax- Suffix F represents FEXT table and suffix N represents 
NEXT table, respectively. Then, calculation of Y^(k) and 
Yj,^k) are performed (step S13). The equation for calculating 
Yjr(k) and Yjv(k) is the same as the foregoing equation (1). 

Y(k) is the maximum system performance margin which 
can be achieved in one carrier symbol. At this time, a target 
speed to be achieved is B^^^^^,, total effective coding gain is 
y^jp a desired bit error rate is 10"^, and the k in number of 
the best carriers are used. Then, a current geometric average 
SNR is the same as the foregoing equation (2). 

A current transmission power E^- used by (i)th order carrier 
is expressed by the following equation (5). 



[Equation 5] 



E/,/v = minj 



45 



^target 
Emaxi 



Here, a total input power ^target restricted by a transmitter is 
expressed by: 

^maxi is the maximum power which can be transmitted by 
the (i)th order carrier and is determined by the trans- 
mission power mask. 

Then, when Y^(k)>Y,„^^^ or yj)^)>yma^ (step S14/YES), it 
is assumed that count^=kp and countj^Kj^, 

when Y^(K)>Y^a;^, Y max 

when Yiv(K)>Y^a:c. '^max^J^ 

(step S15). 

Then, when Yp<k)>Yiv(k) (step S16/YES), K^++ is set 
(step S17), and otherwise (step S16/NO), Kjv++ is set (step 
818). Then, if K^=K^=N is not established (step S19/NO), 
the process is returned to step S13. Here, Y/reojc represents 
possible maximum system performance margin in the given 
system parameter, and county and countj^^ are the best carrier 
number for achieving Yma^c- 
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FIG. 11 is a flowchart showing a calculation method of the 
bit distribution table at step A5 of FIG. 3. Using the 
foregoing Ymojc ^rid county, country, the initial bit distribution 
table {b'i} is calculated by the following equation. 



10 



roimd< logji 1 + 



-SNR{i) 



[Equation 6] 



floo] 



'l{log2(l 



b\i^ = min 



roimd- 



log2 1 



-SNR(i) 



floOl(log2(l + 1^) 

^ \ 1 max / 



wherein floor represents cutting off at decimal point. A cut 
off value below decimal point is derived as diff,- expressed as 
follow (step 820). 
When 
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When bi = floorflo^jfl H ^® obtained, 

^ V 1 max )^ 



[Equation 7] 



is obtained, 

diff~Q.5. 

In the other case 



dijfr- 



bi = log^ 



bi = log2 1 



f B^SNRni 
county 

V 1 max / 



-SNR{i) 



(1 eF) 



Here, is expressed by the foregoing equation (3). Pe 
is a bit error rate, N^ is number of points having closest in 
an input signal constellation, and Q function is defined the 
foregoing equation (4). Then, ^t^tai total bit number 
supported by the current bit distribution table at one multi- 
carrier symbol, in which By^f^;=2b'i. Here, 2 is a sum of i=0 
to N-1. 

Then, when B,^,^;<B,^^^^^ (step 23A^E8) one bit is 
decreased for one bit from the current bit distribution table, 
i.e. the bit distribution table {b'i} of the carrier having 
minimum diff^- value to establish diff-^=diffj,-l, B^^^^^= 
B,^,«/-l (step 824). On the other hand, when B,^,^^^B,,,^^^, 
(step 23/NO), one bit is increased for one bit from the 
current bit distribution table, i.e. the bit distribution table 
{b'i} of the carrier having minimum diff, value to establish 
diff,=dife,.+l, B,^,^,=B,^,^,+l (step 825). This process is 
repeated until ^t<,tcii=^ target is established (step 822/YE8). 

FIG. 12 is a flowchart showing a calculation method of 
the power distribution table at step A5 of FIG. 3. At first, on 
the basis of the given bit distribution table {b'i}, an input 
power {E'i} is assigned so that ^JS)=^eA.target ^ estabHshed 
(step S30). Here, P^(i) is an error probability of the (i)th 



order carrier, 



, is a target error probability of the (i)th 



order carrier. It should be noted that {E'i} is a total trans- 
mission power to be used by the (i)th order carrier. 

The current total transmission power ^t^tai^ ^totai^ 
are derived by the following equation (step 31). 
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Etotal,N — £"/ 



[Equation 8] 



Here, 2 is a sum of i=0 to N-1 . 

Then, final power distribution {E'i} is re-adjusted (step 
S32). The re-adjustment can be performed by setting smaller 



one of E /E,^,,;^, ^t^rgeJ^t^tai^ and E^^ 
E'.yv- from the following equations: 



£IS E' 




[Equation 9] 
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Thus, the initial bit and the power distribution table in the 
shown system is provided as {b'i} and {E'i}. 

The foregoing embodiments are directed for data trans- 
mission in the down direction, the identical process is 25 
applicable even for data transmission in up direction from 
the ATU-R 200 to the ATU-C 100. In such case, the 
construction provided in the ATU-C 100 in the foregoing 
embodiments is provided in the ATU-R 200, and, in turn, the 
construction provided in the ATU-R 200 in the foregoing 30 
embodiments is provided in the ATU-C 100. 

As set forth above, according to the present invention, 
even when the noise amount is varied periodically, a bit 
distribution having maximum performance margin value 
relative to periodically varying noise amount can be 35 
obtained by regarding a plurality of SNR value due to 
periodically generated noise amount as SNR value of single 
line which does not cause variation in time and frequency 
band is increased. 

On the other hand, as set forth above, according to the 40 
present invention, even when the noise amount is varied 
periodically, a bit distribution having maximum perfor- 
mance margin value relative to periodically varying noise 
amount can be obtained by given transmission speed 
depending upon a plurality of SNR values evaluated at 45 
different timing due to periodically varying noise. 

Although the present invention has been illustrated and 
described with respect to exemplary embodiment thereof, it 
should be understood by those skilled in the art that the 
foregoing and various other changes, omissions and addi- 50 
tions may be made therein and thereto, without departing 
from the spirit and scope of the present invention. Therefore, 
the present invention should not be understood as limited to 
the specific embodiment set out above but to include all 
possible embodiments which can be embodied within a 55 
scope encompassed and equivalents thereof with respect to 
the feature set out in the appended claims. 

For example, application of the present invention is not 
specified to the combination of the ISDN and ADSL pre- 
senting in the same cable, but to combinations of any DMT 60 
type communication system other than ADSL and ISDN on 
the common cable, for example. Furthermore, the present 
invention is applicable for the case where two or more kinds 
of periodic noise sources are present in the common cable. 

What is claimed is: 65 

1. A multi-carrier transmission system performing data 
transmission between first and second communication sta- 



tions under presence of a plurality of periodically varying 

noises, comprising: 

signal to noise ratio evaluating means for obtaining a 
plurality of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
plurality of kinds of noise environments; and 
bit distribution means for performing bit distribution of 
each carrier depending upon one set of signal to noise 
ratio with taking a plurality of sets of signal to noise 
ratios as one set of signal to noise ratio evaluated on 
different frequency at the same timing. 

2. Amulti-carrier transmission system as set forth in claim 
1, wherein said signal to noise ratio evaluating means is 
constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution means is con- 
structed for establishing said bit distribution with taking two 
kinds of signal to noise ratio sets as said one signal to noise 
ratio set. 

3. Amulti-carrier transmission system as set forth in claim 
1, wherein said signal to noise ratio evaluating means is 
constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 
val period, and said bit distribution means is constructed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

4. Amulti-carrier transmission system as set forth in claim 
1, wherein said bit distribution means performs bit distri- 
bution depending upon said one signal to noise ratio set and 
a power restriction value of each of said carriers. 

5. Amulti-carrier transmission system as set forth in claim 
1, wherein, in case of data transmission from said first 
communication station to said second communication 
station, said first communication station includes means for 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 
ond communication station has said signal to noise ratio 
evaluating means and said bit distribution means, 

said bit distribution means includes means for deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, means for selecting an optimal 
transmission speed from said plurality of transmission 
speed on the basis of the derived margin, and means for 
deriving bit distribution of each of said carriers accord- 
ing to the selected transmission speed. 

6. Amulti-carrier transmission system as set forth in claim 
5, wherein said second communication station includes 
means for transmitting said bit distribution to said first 
communication station, and said first communication station 
performs data transmission to said second communication 
station according to said bit distribution. 

7. Amulti-carrier transmission system as set forth in claim 
1, wherein noise sources of two kinds of noises are present 
on a common cable with a communication fine between said 
first and second communication stations. 

8. Amulti-carrier transmission system as set forth in claim 
1, wherein two kinds of noise environments are a first noise 
environment and a second noise environment having worse 
noise condition than said first noise environment. 

9. Amulti-carrier transmission system as set forth in claim 
1, wherein two kinds of noises are caused by far end 
crosstalk and near end crosstalk. 

10. A multi-carrier transmission system as set forth in 
claim 1 wherein a communication line for data transmission 



us 6,510,184 Bl 



15 



16 



between said first and second communication stations is a 
digital subscriber line. 

11. A multi-carrier transmission system performing data 
transmission between first and second communication sta- 
tions under presence of a plurality of periodically varying 5 
noises, comprising: 

signal to noise ratio evaluating means for obtaining a 
pluraKty of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
pluraKty of kinds of noise environments; and 

bit distribution means for performing bit distribution of 
each carrier for realizing a given transmission speed 
and 

a maximum performance margin depending upon respec- 15 
live values of a plurality of signal to noise ratio sets. 

12. A multi -carrier transmission system as set forth in 
claim 11, wherein said signal to noise ratio evaluating means 
is constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 20 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution means is con- 
structed for establishing said bit distribution with taking two 
kinds of signal to noise ratio sets as said one signal to noise 
ratio set. 25 

13. A multi -carrier transmission system as set forth in 
claim 11, wherein said signal to noise ratio evaluating means 
is constructed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 30 
val period, and said bit distribution means is constructed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

14. A multi -carrier transmission system as set forth in 
claim 11, wherein said bit distribution means performs bit 35 
distribution depending upon said one signal to noise ratio set 
and a total transmission power restriction value. 

15. A multi -carrier transmission system as set forth in 
claim 11, wherein, in case of data transmission from said 
first communication station to said second communication 40 
station, said first communication station includes means for 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 
ond communication station has said signal to noise ratio 
evaluating means and said bit distribution means, 45 

said bit distribution means includes means for deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, means for selecting an optimal 
transmission speed from said plurality of transmission 50 
speed on the basis of the derived margin, and means for 
deriving bit distribution of each of said carriers accord- 
ing to the selected transmission speed. 

16. A multi -carrier transmission system as set forth in 
claim 15, wherein said second communication station 55 
includes means for transmitting said bit distribution to said 
first communication station, and said first communication 
station performs data transmission to said second commu- 
nication station according to said bit distribution . 

17. A multi -carrier transmission system as set forth in 60 
claim 11, wherein noise sources of two kinds of noises are 
present on a common cable with a communication line 
between said first and second communication stations. 

18. A multi -carrier transmission system as set forth in 
claim 11, wherein two kinds of noise environments are a first 65 
noise environment and a second noise environment having 
worse noise condition than said first noise environment. 



19. A multi-carrier transmission system as set forth in 
claim 11, wherein two kinds of noises are caused by far end 
crosstalk and near end crosstalk. 

20. A multi-carrier transmission method performing data 
transmission between first and second communication sta- 
tions under presence of a plurality of periodically varying 
noises, comprising: 

signal to noise ratio evaluating step of obtaining a plu- 
rality of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
plurality of kinds of noise environments; and 

bit distribution step of performing bit distribution of each 
carrier depending upon one set of signal to noise ratio 
with taking a plurality of sets of signal to noise ratios 
as one set of signal to noise ratio evaluated on different 
frequency at the same timing. 

21. A multi -carrier transmission method as set forth in 
claim 20, wherein said signal to noise ratio evaluating step 
is designed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution step is designed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

22. A multi-carrier transmission method as set forth in 
claim 20, wherein said signal to noise ratio evaluating step 
is designed to derive the sets of the signal to noise ratio 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in irregular 
interval period, and said bit distribution step is designed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as said one signal to noise ratio set. 

23. A multi-carrier transmission method as set forth in 
claim 20, wherein said bit distribution step performs bit 
distribution depending upon said one signal to noise ratio set 
and a power restriction value of each of said carriers. 

24. A multi-carrier transmission method as set forth in 
claim 20, wherein, in case of data transmission from said 
first communication station to said second communication 
station, said first communication station includes step of 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 
ond communication station has said signal to noise ratio 
evaluating step and said bit distribution step, 

said bit distribution step includes step of deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, step of selecting an optimal trans- 
mission speed from said plurality of transmission speed 
on the basis of the derived margin, and step of deriving 
bit distribution of each of said carriers according to the 
selected transmission speed. 

25. A multi-carrier transmission method as set forth in 
claim 24, wherein said second communication station 
includes step of transmitting said bit distribution to said first 
communication station, and said first communication station 
performs data transmission to said second communication 
station according to said bit distribution. 

26. A multi-carrier transmission method performing data 
transmission between first and second communication sta- 
tions under presence of a plurality of periodically varying 
noises, comprising: 

signal to noise ratio evaluating step of obtaining a plu- 
rality of sets of signal to noise ratios by evaluating 
signal to noise ratio of each carrier of the multi-carriers 
at different timing respectively corresponding to a 
plurality of kinds of noise environments; and 
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bit distribution step of performing bit distribution of each 
carrier for realizing a given transmission speed and a 
maximum performance margin depending upon respec- 
tive values of a plurality of signal to noise ratio sets. 

27. A multi -carrier transmission method as set forth in 5 
claim 26, wherein said signal to noise ratio evaluating step 

is designed to derive the sets of the signal to noise ratios 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary in regular 
interval period, and said bit distribution step is designed for lo 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as one signal to noise ratio set. 

28. A multi -carrier transmission method as set forth in 
claim 26, wherein said signal to noise ratio evaluating is 
designed to derive the sets of the signal to noise ratios 15 
corresponding to each of two kinds of noise environments 
when two kinds of noise environments vary irregular inter- 
val period, and said bit distribution step is designed for 
establishing said bit distribution with taking two kinds of 
signal to noise ratio sets as one signal to noise ratio set. 20 

29. A multi -carrier transmission method as set forth in 
claim 26, wherein said bit distribution step performs bit 
distribution depending upon one signal to noise ratio set and 
a total transmission power restriction value. 

30. A multi -carrier transmission method as set forth in 25 
claim 26, wherein, in case of data transmission from said 
first communication station to said second communication 
station, said first communication station includes step of 
transmitting a predetermined plurality of transmission 
speeds to said second communication station and said sec- 30 
ond communication station has said signal to noise ratio 
evaluating step and said bit distribution step. 
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said bit distribution step includes step of deriving a 
margin in data transmission on the basis of a plurality 
of transmission speeds transmitted from said first com- 
munication station, step of selecting an optimal trans- 
mission speed from said plurality of transmission speed 
on the basis of the derived margin, and step of deriving 
bit distribution of each of said carriers according to the 
selected transmission speed. 

31. A multi-carrier transmission method as set forth in 
claim 30, wherein said second communication station 
includes step of transmitting said bit distribution to said first 
communication station, and said first communication station 
performs data transmission to said second communication 
station according to said bit distribution . 

32. A multi-carrier transmission method as set forth in 
claim 26, wherein noise sources of two kinds of noises are 
present on a common cable with a communication line 
between said first and second communication stations. 

33. A multi-carrier transmission method as set forth in 
claim 26, wherein two kinds of noise environments are a first 
noise environment and a second noise environment having 
worse noise condition than said first noise environment, 

34. A multi-carrier transmission method as set forth in 
claim 26, wherein two kinds of noises are caused by far end 
crosstalk and near end crosstalk. 

35. A multi-carrier transmission method as set forth in 
claim 26, wherein a communication line for data transmis- 
sion between said first and second communication stations is 
a digital subscriber line. 
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Abstract: 

PROBLEM TO BE SOLVED: To provide a cellular wireless communication system where transmission 
power in a base station is not controlled and a substantial reception sensitivity even at a position apart 
from the base station can be enhanced. 

SOLUTION: A mobile station measures the reception sensitivity of the mobile station on the basis of 
control channel data from the base station and reports the result of measurement to the base station. 
The base station decides a transmission mode on the basis of the reported measurement result. When 
the reception sensitivity of the mobile station is low, a copy section 13 copies transmission object data 
coded by a coding section 11 of the base station to a plurality of the same data, modulation sections 15 
modulates the data, and spread sections 17 uses codes to apply spread spectrum processing to the 
modulated data as a specific transmission mode. Inverse spread sections 35 of a receiver of the mobile 
station use the same codes as those used for the transmission to apply inverse spread processing to the 
received data corresponding to the transmission mode, demodulation sections 47 demodulate the data, 
an adder section 49 sums them, and a decoding section 50 decodes the sum output to reproduce the 
data. 
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Translate this text 

Data is distributed among the channels of an asynchronous data subscriber loop (ADSL) communications 
system in accordance with an adaptive algorithm which from time to time measures the signal to noise 
ratio of the various channels and finds a margin for each channel dependent on achievement (where 
possible) of a given bit error rate and a desired data transmission rate. The margin distribution is 
achieved by augmenting the constellation signal to noise ratio to enhance computational efficiency and 
allow redetermination of bit allocation tables during transmission as necessary. Pairs of bit allocation 
tables are maintained at the transmitter and receiver and one table of each pair at the transmitter and 
receiver is updated while the other pair is in use for controlling communication. 
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WIRELESS LOCAL AREA NETWORK REPEATER WnH AUTOMATIC GAIN 
CONTROL FOR EXTENDING NETWORK COVERAGE 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is related to and claims priority from pending U.S. 
Provisional Application Number 60/418,288 filed October 15, 2002, and is further 
related to PCT Application PCT/US03/16208 entitled WIRELESS LOCAL AREA 
NETWORK REPEATER, the contents of which are incorporated herein by reference. 



BACKGROUND OF THE INVENTION 
[0002] The present invention relates generally to wireless local area networks 
(WLANs) and, particularly, the present invention relates to extending the coverage 
area associated with a WLAN repeater using Automatic Gain Control (AGC). 

[0003] Several standard protocols for wneless local area networks, commonly 
referred to as WLANs, are becoming popular. These include protocols such as 802.11 
(as set forth in the 802.1 1 wireless standards), home RF, and Bluetooth. The standard 
wireless protocol with the most commercial success to date is the 802.11b protocol 
although next generation protocols, such as 802. Ug, are also gaining popularity. 

[0004] While the specifications of products utilizing the above standard wireless 
protocols commonly indicate data rates on the order of, for example, 11 MBPS and 
ranges on the order of, for example, 100 meters, these performance levels are rarely, if 
ever, realized. Performance shortcomings between actual and specified performance 
levels have many causes including attenuation of the radiation paths of RF signals, 
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which for 802. 1 lb are in the range of 2.4 GHz in an operating environment such as an 
indoor environment. Access point to client ranges are generally less than the 
coverage range required in a typical home, and may be as little as 10 to 15 meters. 
Further, in structures having split floor plans, such as ranch style or two story homes, 
or those constructed of materials capable of attenuating RF signals, areas in which 
wireless coverage is needed may be physically separated by distances outside of the 
range of, for example, an 802.11 protocol based system. Attenuation problems may 
be exacerbated in the presence of interference in the operating band, such as 
interference from other 2.4GHz devices or wideband interference with in-band 
energy. Still further, data rates of devices operating using the above standard wireless 
protocols are dependent on signal strength. As distances in the area of coverage 
increase, wireless system performance typically decreases. Lastly, the structure of 
the protocols themselves may affect the operational range, 

[0005] Repeaters are commonly used in the mobile wireless industry to increase the 
range of wireless systems. However, problems and complications arise in that system 
receivers and transmitters may operate at the same frequency in a WLAN utilizing, 
for example, 802.11 WLAN or 802.16 WMAN wireless protocols. In such systems, 
when multiple transmitters operate simultaneously, as would be the case in repeater 
operation, difficulties arise. Typical WLAN protocols provide no defined receive 
and transmit periods and, thus, because random packets from each wireless network 
node are spontaneously generated and transmitted and are not temporally predictable, 
packet collisions may occur. Some remedies exist to address such difficulties, such 
as, for example, collision avoidance and random back-off protocols, which are used to 
avoid two or more nodes transmitting packets at the same time. Under 802.11 
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Standard protocol, for example, a distributed coordination jainction (DCF) may be 
used for collision avoidance. 



[0006] Such operation is significantly different than the operation of many other 
cellular repeater systems, such as those systems based on IS-136, IS-95 or IS-2000 
standards, where the receive and transmit bands are separated by a deplexing 
frequency offset. Frequency division duplexing (FDD) operation simplifies repeater 
operation since conflicts associated with repeater operation, such as those arising in 
situations where the receiver and transmitter channels are on the same frequency for 
both the uplink and the downlink, are not present 

[0007] Otlier cellular mobile systems separate receive and transmit channels by 
time rather than by frequency and ftirther utilize scheduled times for specific 
uplink/downlink transmissions. Such operation is commonly referred to as time 
division duplexing (TDD). Repeaters for these systems are more easily built, as the 
transmission and reception times are well known and are broadcast by a base station. 
Receivers and transmitters for these systems may be isolated by any number of means 
including physical separation, antenna p attems, or polarization isolation. Even for 
these systems, the cost and complexity of a repeater may be greatly reduced by not 
offering the known timing information that is broadcast, thus allowing for 
economically feasible repeaters. 

[0008] Thus, WLAN repeaters operating on the same frequencies have unique 

constraints due to the above spontaneous transmission capabilities and therefore 
require a unique solution. Since these repeaters use the same frequency for receive 
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and transmit channels, some form of isolation must exist between the receive and 
transmit channels of the repeater. While some related systems such as, for example, 
CDMA systems used in wireless telephony, achieve chamiel isolation using 
sophisticated techniques such as directional antennas, physical separation of the 
receive and transmit antennas, or the like, such techniques are not practical for 
WLAN repeaters in many operating enviroiunents such as in the home where 
complicated hardware or lengthy cabling is not desnable or may be too costly. 

[0009] One system, described in International Application No. PCT/US03/16208 
and commonly owned by the assignee of the present application, resolves many of the 
above identified problems by providing a repeater which isolates receive and transmit 
channels using a frequency detection and translation method. The WLAN repeater 
described therein allows two WLAN units to communicate by translating packets 
associated with one device at a first frequency channel to a second firequency channel 
used by a second device. The direction associated with the translation or conversion, 
such as from the firequency associated with the first channel to the frequency 
associated with the second channel, or from the second channel to the first channel, 
depends upon a real time configuration of the repeater and the WLAN environment. 
The WLAN repeater may be configured to monitor both channels for transmissions 
and, when a transmission is detected, translate the received signal at the first 
frequency to the other channel, where it is transmitted at the second frequency. 

[0010] The above described approach solves both the isolation issue and the 
spontaneous transmission problems as described above by monitoring and translating 
in response to packet transmissions and may fixrther be implemented in a small 
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inexpensive unit. However, a WLAN repeater, in order to be legally compliant, must 
transmit within the power and spectrum limitations promulgated by, for example, the 
FCC. Difficulties arise however in that a received signal may have a widely varying 
power level requiring precise compensation for factors contributing to disruptions and 
failed or suboptimal signal retransmission caused by interference and the like. 
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SUMMARY OF THE INVENTION 
[001 1] Accordingly, in various exemplary and alternative exemplary embodiments, 
the present invention extends the coverage area in a wireless environment such as a 
WLAN environment, and, broadly speaking, in any time division duplex system 
includmg IEEE 802.16, IEEE 802.20 and TDS-CDMA, with a unique frequency 
detection and translation method. An exemplary WLAN frequency translating 
repeater allows two WLAN nodes or units to communicate by translating packets 
from a first frequency channel used by one device to a second frequency channel used 
by a second device. The direction of the conversion from channel 1 to channel 2, 
verses from channel 2 to Channel 1, is dependent upon real time configuration. The 
repeater may preferably monitor both channels for transmissions, and when a 
transmission on a channel is detected, the repeater is configured to translate the 
received signal to the other channel, where it is transmitted. 

[0012] In a preferred embodiment, the signal received is detected on a first signal 
path and gain is applied on a second signal path. Further, the gain signal path 
preferably includes delay circuits to permit signal detection and gain setting to occur 
before the signal must be retransmitted. The gam is set based upon the detected 
receive power level to achieve a target transmit power level that is constant 
independent of the receive power level. However, the target power may be first 
determined or adjusted based upon criteria that includes one or more of the following: 
separation between receive and transmit frequencies, regulatory rule compliance, 
temperature, received power level, transmit power level and detected interference. A 
microprocessor with software, uicluding calibmtion tables, is appropriate for 
performing the calculation of an appropriate gain set point, which fixes the target 
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output power. The details of this invention are described in detail in the figure 
descriptions that follow. 



[0013] The preferred approach solves both the isolation issue^ allowing a small 
inexpensive unit, and it solves the spontaneous transmission problem as it monitors 
and responds in reaction to the transmissions, with a constant output power at the 
transmitter. This output power may be different depending on the configuration of the 
repeater as determined by the microprocessor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is a diagram illustrating a WLAN including an exemplary repeater 
having automatic gain control in accordance with various exemplary embodiments. 
[0015] FIG. 2 is a schematic drawing illustrating an exemplary gain control 
interface unit of Figure 1. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0016] Referring now to FIG. 1, a wide area connection 101, which could be, for 
example, an Ethernet connection, a Tl line, a wideband wireless connection or any 
other electrical connection providing a data communications path, may be connected 
to a wireless gateway, or access point (AP) 100. The wireless gateway 100 sends RF 
signals, such as IEEE 802.11 packets or signals based upon Bluetooth, Hyperlan, or 
other wireless communication protocols, to client units 104, 105, which may be 
personal computers, personal digital assistants, or any other devices capable of 
conununicating with other like devices through one of the above mentioned wireless 
protocols. Respective propagation, or RF, paths to each of the client units 104, 105 
are shown as 102, 103. 

[0017] While the signal carried over RF path 102 is of sufficient strength to 
maintain high-speed data packet communications between the client unit 104 and the 
wireless gateway 100, the signals carried over the RF path 103 and intended for the 
client unit 105 would be attenuated when passing through a structural barrier such as 
walls 1 06 or 107 to a point where few, if any, data packets are received in either 
direction if not for a wireless repeater 200, the structure and operation of which will 
now be described. 

[0018] To enhance the coverage and/or communication data rate to the client unit 
105, wireless repeater 200 receives packets transmitted on a first frequency channel 
201 from the wureless gateway 100. The wireless repeater 200, which may be housed 
in an enclosure typically having dimensions of, for example, 2.5"x3.5"x.5", and 
which preferably is capable of being plugged into a standard electrical outlet and 
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operating on 1 10 V AC power, detects the presence of a packet on the first frequency 
channel 201, receives the packet and re-transmits the packet with more power on a 
second frequency channel 202. Unlike conventional WLAN operating protocols, the 
client unit 105 operates on the second frequency channel, even though the wireless 
gateway 100 operates on the first frequency channel. To perform the return packet 
operation, the wireless repeater 200 detects the presence of a transmitted packet on the 
second frequency channel 202 from the client unit 105, receives the packet on the 
second frequency channel 202, and re-transmits the packet on the first frequency 
channel 201. The wireless gateway 100 then receives the packet on the first 
frequency channel 201. hi this way, the wireless repeater 200 is capable of 
simultaneously receiving and transmitting signals as well as extending the coverage 
and performance of the wireless gateway 100 to the client unit 105. 

[0019] To address the difficulties posed by obstructions as described above and 
attendant attenuation of the signal strength along obstructed paths and thus to enhance 
the coverage and/or communication data rate to client unit 105, exemplary wireless 
repeater 200, as shown in FIG. 1, may be used to retransmit packets beyond a range 
limited by propagation path constraints through, for example, frequency translation. 
Packets transmitted on a first frequency channel 201 from AP 1 00 are received at 
repeater 200 and re-transmitted, preferably with a greater power level, on a second 
frequency channel 202. Client unit 105 preferably operates on second frequency 
channel 202 as if AP 100 were also operating on it, such as with no knowledge that 
AP 1 00 is really operating on first frequency channel 201 such that the frequency 
translation is transparent. To perform return packet operations, repeater unit 200 
detects the presence of a transmitted return packet on second frequency channel 202 



10 



wo 2004/036789 PCT/US2003/029130 
from client tmit 1 05, and is preferably configured to receive the packet on second 
frequency channel 202, and to retransmit the data packet to, for example AP 100, on 
first frequency channel 201. 



[0020] Wireless repeater 200 is preferably capable of receiving two different 
frequencies simultaneously, such as first frequency channel 201 and second frequency 
channel 202 determining which channel is carrying a signal associated with, for 
example, the transmission of a packet, translating from the original frequency channel 
to an alternative frequency channel and retransmitting the frequency translated 
version of the received signal on the alternative chaimel. Details of internal repeater 
operation maybe found in co-pending PCT Application No. PCT/US03/16208. 

[0021] Repeater 200 may thus receive and transmit packets at the same time on 
different frequency channels thereby extending the coverage and performance of the 
connection between AP 100 and client unit 105, and between peer-to-peer 
connections such as from one client unit to another client unit. When many units are 
isolated from one another, repeater unit 200 finrther acts as a wireless bridge allowing 
two different groups o f units toe ommunicate where optimum RF propagation and 
coverage or, in many cases, any RF propagation and coverage was not previously 
possible. 

[0022] In accordance with various exemplary embodiments, repeater 200 is 
preferably configured to receive a signal and translate the frequency of the received 
signal with very litfle distortion or loss of the signal by properly controlling the gain 
of an exemplary transceiver section via Automatic Gain Control (AGC) circuitry 300 
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shown, for example, in FIG. 2. In a preferred embodiment, wireless repeater 200 
shown is capable of receiving two different frequencies simultaneously, determining 
which one is present, translating the frequency of the one that is present to the other 
frequency and retransmittmg a frequency translated version of tibte received signal. 

[0023] In accordance with one preferred exemplary embodiment, AGC circuitry 
300 utilizes RF delay and filter elements 307-310 to allow analog storage of an 
exemplary received waveform while signal detection and transmitter configuration 
takes place. It should be noted that signal detection may occur both prior to and 
during transit of signals in RF delay elements 307-310 providing time to perform 
system configuration. It should be noted that a detector power level is preferably used 
to set a gain value on a parallel signal path as part of the gain control operation. 

[0024] Repeater AGC circuitry 300 fiirther includes logarithmic amplifier 301 and 
302, AGC control circuit 303 and 304, gain control element 305 and 306, which may 
preferably include variable gain or variable attenuator elements, and RF delay element 
307-310 which may preferably include analog storage devices such as, for example, 
delay lines and/or band pass filters. Low pass filter 3 1 1 and 3 12, and analog to digital 
converter (ADC) 313 and 314 are further preferably used to accompUsh gain control 
under the direction and control of, for example, microprocessor 315. 

[0025] Since repeater 200, in accordance with various exemplary embodiments, is 
configured to simultaneously detect and process two different frequency signals, 
received signal 330 is split and propagated on two different RF paths, for example, 
using RF splitter 316. Likewise, because the two different frequency paths must be 
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delayed and controlled separately, each signal path is further split by, for example, IF 
Splitters 317 and 318. One of the split signal outputs from IF Splitter 317 is 
preferably coupled to logarithmic amplifiers 301 and the otlier split signal output is 
preferably c oupled t o gain c ontrol elements 3 05, Likewise, o ne o f the split s ignal 
outputs from IF Splitter 318 is preferably coupled to logarithmic amplifiers 302 and 
the other split signal output is preferably coupled to gain control elements 306. The 
output, of logarithmic amplifiers 301 is fed to AGC control circuit 303 and low pass 
filter 311. Likewise, the output of logarithmic amplifiers 302 is fed to AGC control 
circuit 304 and low pass filter 312. It should be noted that while logarithmic 
amplifiers 301 and 302 preferably provide an output voltage proportional to the 
logarithm of the power of received signal 330, tracking the envelope thereof, other 
devices known to those of ordinary skill in the art may also be used to track the 
envelope or samples of the envelope directly or proportionately. 

[0026] The basic operation of components along the detection path of received 
signal 330 such as, for example, low pass filters 311 and 312, analog-to-digital 
converters (ADC) 313 and 314, and processor 315 for example, would be readily 
apparent to those of ordinary skill in the art and thus a detailed review of the basic 
operation thereof is omitted, such operation is disclosed in detail in commonly 
assigned co-pending PCT Patent Application No. PCT/US03/16208. However it 
should be briefly noted tliat processor 315 preferably detects the presence of an IF 
signal on detection paths DETl 331 and DET2 332. As described in the above 
identified co-pending application, signal detection may be based on the signal level 
exceeding a threshold using, for example, analog or digital signal comparison 
implements in processor 315, or could be performed by other means well known to 
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those of ordinary skill in the art. Once the signal is detected, gain control is applied to 
the signal using for example, AGC control circuits 303 and 304 on IF path IFl 333 or 
IF2 334 respectively, depending on the channel. 

[0027] With reference still to FIG. 2 of the drawings, gain control is applied to 
signals on IF paths EFl 333 and IF2 334 using AGC control circuits 303 and 304 
which circuits provide, inter alia, filtering of the analog voltage at the output of, for 
example, logarithmic amplifiers 301 and 302, any DC offset adjustment which may be 
necessary, AGC set point reference and control, level shifting/scaling, any required 
polarity reversal, and the like as would be appreciated by one of ordinary skill in the 
art. The output of AGC control circuits 303 and 304 are fed to gain control elements 
305 and 306 which may provide either adjustable gain or adjustable attenuation of 
received signal 330 based on a value associated with, for example, the desired 
transmitter output power. It should be noted that AGC control circuits 303 and 304 
may be one of a variety of gain control circuits, devices, or the like, as would be well 
known to those of ordinary skill in the art. 

[0028] As an example of gain control in accordance with various exemplary 
embodiments, a variable attenuator could be used for gain control element 305 under 
the following conditions: desired output power +15dBm, received signal power - 
80dBm, total transceiver losses 65dB, total transceiver gains 165dB. 

[0029] Under these conditions, a variable attenuator associated with, for example, 
gaiti control element 305, should be set according to the relation: Rx Signal Power - 
Desired Output Power + Total Gains - Total Losses, thus the attenuation would be - 
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80dBm - 15dBm -fieSdB - 65(iB resulting in 5dB of attenuation. It will be 
appreciated that a voltage may be calculated and applied to tiie gain control element 
305, for example, by AGC control circuit 303 resulting in the desired 5dB attenuation 
setting. It should also be noted that while ACG control circuit 303 and gain control 
element 305 are described herein, the above description applies to the operation of 
AGC control cncuit 304 and gain control element 306, 

[0030] Thus receive signal 330 in order to be retransmitted in accordance with 
various exemplary embodiments, and in accordance with the present example, is 
preferably output from gain control element 3 05 and delayed via S urface Acoustic 
Wave (SAW) filters 308 and 3 10, It will be appreciated that the delay introduced by 
SAW filters 308 and 310 acts to essentially store the analog waveform while AGC 
and signal detection processes, for example as described above, are carried out, 
meaning that detection and gain control setting are preferably completed during the 
propagation interval of the signal. 

[0031] In accordance with various exemplary and preferred exemplary 
embodiments, RF delays are imposed through SAW filters 307-310 enabling analog 
signal storage and chamiel selection, jammer suppression, and a feed-forward variable 
gain control path. AGC control circuits 303 and 304 and gain control elements 305 
and 306 may be biased or otherwise set under control of for example processor 315, 
which is preferably a micro-processor, such as a general purpose processor, dedicated 
processor, signal processmg processor, or the like as would be understood by one of 
ordinary skill in flie art. Further, set points may be obtained by processor 315 from a 
look up table or the like depending on which channel received signal 330 is received 
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on and which channel is selected for signal retransmission. It should be noted that 
different bands have different transmit power limitations in different countries, thus 
the selection of gain set points may be driven by several factors resulting from the 
need to meet FCC requirements and related specifications for the desired band such as 
spectral re-growth and Effective Isotropic Radiated Power (EIRP). 

[0032] After detection and setting of the gain control, IF Switch 3 19 and LO Switch 
320 are preferably set to retransmit received signal 330 at a different frequency 
without significantly cutting off the waveform preamble. It is important to note that 
detection and power sensing, for example, as described above, is preferably 
performed on detector paths DETl 33 1 and DET2 332, but actual gain control may be 
applied the on IF paths IFl 333and IF2 334. More specifically referring again to FIG. 
2, outputs from the logarithmic amplifiers 301 and 302 are fed to AGC control 
circuits 303 and 304 which circuits are making adjustments either as variable gain or 
attenuation with regard to gain control elements 305 and 306, 

[0033] One factor in determining a sequence of signal detection and gain control is 
the effect caused by splitting the output voltage from logarithmic amplifiers 301 and 
302 into a signal detection path and a gain control path, each having potentially two 
different filter bandwidths. As can be noted firom FIG. 2, the gain control path is the 
path to AGC control circuits 303 and 304, while the signal detection path is the path 
leading to low pass filters 311 and 312, as previously described. Thus, if desired, the 
AGC control values and the signal detection filter bandwidth could be set differently. 
For example, the AGC control loop could be set to react very quickly to tiie incoming 
power envelop while signal detection, as carried out, for example, in ADC 313 and 
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314 and processor 315, could be configured to react more slowly. As a result, 
received signal 330 propagating in gain control elements 305 and 306 can be tracked 
very accurately while the portion of received signal 330 propagating in ADC 313 and 
314 and processor 315 may track more slowly, but with more detection process gain. 

[0034] It should be noted that in accordance with various exemplary and preferred 
exemplary embodiments, two separate detectors are used for performing detection of 
the presence of received signal 330 and for detection of the power level thereof in 
order to set gain. Thus, since signal detection may occur more slowly than AGC as 
described, different signal detection and AGC filter bandwidths may be used 
beneficially, allowing variable control elements associated with AGC such as gain 
control elements 305 and 306 to have a faster or slower response than the output of 
filters 311 and 3 12. 

[0035] Another factor in controlling gain is ttie relative distance between the receive 
and transriiit channels. Specifically, depending on the distance therebetween, the 
target output power or set point fi:om the gain control elements 305 and 306 can be 
different to the extent that additional performance may be gained when the receive 
and transmit channels are further apart in frequency. Gain values may be increased in 
gain control elements 305 and 306 while continuing to meet performance 
requirements. Further, AGC control circuits 303 and 304 may be programmed to 
increase power based on the frequency difference or, altematively, processor 315 may 
be programmed to control AGC control circuits 303 and 304 based on frequency 
separation. Adjusting set points based on frequency separation may fiirther include 



17 



wo 2004/036789 PCT/US2003/029130 
applying more filtering to any leakage signals picked up by a receiver to avoid self 
interference. 



[0036] A factor affecting the choice of which channels to operate on during initial 
repeater power up maybe influenced by choosing repeating channels based on the 
ability to transmit more power in different FCC bands or bands controlled by other 
regulatory bodies. For example, in the U-NII bands for operation in the United States, 
the maximum allowable transmit power for CH36-48 is 50mW, for CH52-64 is 
250mW, and for CH149 - 161 is 1 W. Therefore it is possible to receive a signal in on 
a channel associated with one of the lower power bands and choose a chaimel on a 
diflFerentband allowing higher transmit power, thereby allowing a higher AGC set 
point Thus the set points for a translation, say from Fl to F2 and F2 to Fl would be 
different. The decision of which channels to select is preferably pre-programmed 
during manufacturing, or, alternatively could be programmed in the field, in, for 
example, AGC control circuits 303 and 304 or processor 315. 

[0037] In accordance with other aspects of the present invention, gain control may 
require AGC calibration during initial manufactraing. Calibration may be desirable to 
allow the use of 1 ower tolerance p arts thus r educing cost, C alibration may further 
provide for accuracy required for regional or band specific power settings. 
Accordingly, calibration may include setting up circuits and devices in accordance 
with one or more of the following; regional regulatory rules, frequency channel, 
received power level, transmit power level, temperature, and the like. In accordance 
with various exemplary andpreferred exemplary embodiments, repeater 200 using, 
for example, processor 315, may store calibration tables and the like and be 
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configured, for example through the use of software, programs, instructions or the 
like, to pass specific calibration values to AGC control circuits 305 and 306, 
Processor 315 would preferably utilize a digital to analog conversion process to 
control the set point. 

[0038] As mentioned above, different detector outputs may be used for AGC and 
signal detection, 'signal detection may be performed in an analog only configuration 
using, for example, a flireshold comparator under the control of processor 315 which 
may be configured to actively control, for example, an analog reference voltage a 
threshold comparator uses to make the detection decision. Alternatively, received 
signal 330 may be digitized and a detection decision made, for example, in processor 
315. Once concern related to using a digital path and processor 315 includes delay 
associated with, for example, digital sampling and decision making instructions in a 
processor 315. 

[0039] In accordance with various alternative exemplary embodiments an analog 
comparator (not shown) having a threshold controlled by processor 315 may be used. 
Such a configuration could be equipped with a digital override to allow for a fast 
initial decision, converging to a slower more accurate and controllable decision using 
software, programs, instructions, and the like readable and executable by processor 
315. For example, if an interferer is detected, and processor 315 recognizes that the 
packet duration is longer than the wireless protocol will allow, AGC control circuits 
303 and 304 and/or detector could be turned off by processor 315 to prevent signal 
transmission. Thus the normal AGC setting may be directly controlled and 
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overridden. Such control is fiirfher useful in situations including when a system feed- 
back oscillation is detected. 



[0040] One of ordinary skill in the art will recognize that various techniques can be 
utilized to determine AGC set points as well as different signal detector 
configurations in the present invention. Additionally, various components, such as 
the gain control elements 305 and 306, AGC gain control 303 and 304, functionality 
of processor 315 and other elements could be combined into a single integrated 
device. Other changes and alterations to specific components, and the 
interconnections thereof, can be made by one of ordinary skill in the art without 
deviating from the scope and spirit of the present invention. 

[0041] The invention has been described in detail with particular references to 
presently preferred embodiments thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope of the invention. 
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1. A frequency translating repeater for use in a time division duplexing (TDD) 
radio protocol system, the frequency translating repeater comprising: 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater; 

a frequency translator configured to change a frequency channel associated 
with the signal from the one of the two frequency chaimels to an other of the two 
frequency channels; and 

a delay circuit c onfigured to add a delay to the signal to compensate for a 
signal detection interval and a transmitter configuration interval. 

2. The frequency translating repeater according to claim 1, wherein the delay 
circuit includes an analog storage device. 

3. The frequency translating repeater according to claim 1, wherein the delay 
circuit includes at least one surface acoustic wave filter configured for one or more of: 
analog signal storage and channel selection. 

4. The frequency translating repeater according to claim 1, wherein the detector 
circuit includes a processor. 

5. The frequency translating repeater according to claim 4, wherein the detector 
circuit ftinher includes an analog detection circuit. 
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6. The frequency translating repeater according to claim 1, fiirther comprising a 
gain control circuit having one of a gain value and an attenuation value associated 
therewith. 

7. The frequency translating repeater according to claim 6, wherein: 

the detector is further for detecting a received signal strength of the signal, and 
the gain control circuit is fiirther for using the received signal strength of the 
signal to adjust a gain value of the signal 

8. The frequency translating repeater according to claim 7, wherein the gain 
control circuit is fiirther for controlling at least one of the gain value and the 
attenuation value based on a predetermined criteria to achieve a specific signal 
transmit output power. 

9. The frequency translating repeater according to claim 8, wherein the 
predetermined criteria is for modifying the specific signal transmit output power and 
includes at least one of the following: frequency separation between a receive 
frequency and a transmit frequency, a regulatory rule, a temperature, a received power 
level, a transmit power level, and a detected interference level. 

10. The frequency translating repeater according to claim 8, wherein the processor 
fiirther includes a memory and wherein the predetermined criteria are stored in the 
memory. 
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11. A frequency translating repeater for use in a time division duplexing (TDD) 
radio protocol system, the frequency translating repeater comprising: 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater and to detect a 
received detected signal power of the signal; 

a frequency translator configured to change a frequency channel associated 
with the signal from the one of the two frequency channels to an other of the two 
frequency chamels ; 

a delay circuit c onfigured to add a delay to the signal to compensate for a 
signal detection mterval and a transmitter configuration uiterval; and 

' a gain control circuit configured to adjust a gain value of the signal at least in 
part based on the received detected signal power detected by the detector circuit. 

12. The frequency translating repeater according to claim 11, wherein the gain 
control circuit is ftirther configured to adjust the gain value based at least in part on 
criteria including which of the one of the two frequency channels the signal is 
received on, and which of the other of the two frequency channels is changed to, 

13. The frequency translating repeater according to claim 12, wherein the criteria 
further includes at least one of a regulatory rule for transmission, an operating 
temperature, and frequency separation between receive and transmit frequencies. 

14. The frequency translating repeater according to claim 11, wherein the criteria 
further includes a distance between a receive frequency and a transmit frequency, and 
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wherein the automatic gain control circuit is further configured to apply more filtering 
to the signal based on the distance. 



15. A fi:equency translating repeater for use in a time division duplexing (TDD) 
radio protocol system, the firequency translating repeater comprising: 

a detector circuit configured to detect if a signal is present on one of two 
fiequency channels associated with the fi:equency translating repeater; 

a firequency converter configured to convert the signal from a radio firequency 
(RF) signal to an intermediate frequency (IF) signal; 

a frequency translator configured to change a frequency channel associated 
with the IF signal from the one of the two frequency channels to an other of the two 
frequency channels; 

a delay circuit configured to add a delay to the IF signal to compensate for a 
signal detection interval and a transmitter configuration interval; and 

a gain control circuit configured to adjust a gain value of the IF signal. 

16. The frequency translating repeater according to claim 15, wherein the gain 
control circuit is ftirther configured to adjust the gain value of the IF signal at least in 
part based on a received detected signal power detected by the detector circuit. 

17. The frequency translating repeater according to claim 15, wherein the detector 
circuit and the gain control circuit are located respectively on a first and a second 
signal path. 
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18. The frequency translating repeater according to claim 17, wherein the detector 
circuit includes a logarithmic amplifier and wherein the output of the logarithmic 
amplifier is coupled to the gam control circuit for control thereof. 

19. The frequency translating repeater according to claim 1 8, wherein the detector 
circuit and the automatic gain control circuit each have different bandwidths. 

20. The frequency translating repeater according to claim 19, wherein the 
automatic gain control circuit includes a processor and a memory storing a 
predetermined criteria and wherein the processor is configured to use the 
predetermined criteria to establish an offset gain value of the IF signal, resulting at 
least in part in a transmitter target output power independent of the detected receive 
power of the signal as detected by the detector circuit 

21. The frequency translating repeater according to claim 20, wherein processor is 
ftirther configured to: 

convert the output of the logarithmic amplifier to a digital signal; and 
establish the gain value of the IF signal using the digital signal. 

22. A method for frequency translation in a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method comprising: 

a detecting if a signal is present on one of two frequency channels associated 
with the frequency translating repeater; 

changing a frequency channel associated with the signal from the one of the 
two frequency chaimels to an other of the two frequency channels; and 
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adding a delay to the signal to equivalent to a signal detection interval and a 
transmitter configuration interval. 



23. The method according to claim 22, wherein the adding the delay includes 
delaying the signal in an analog storage device. 

24. The method according to claim 22, wherein the adding the delay includes at 
delaying the signal in at least one surface acoustic wave filter configured for one or 

more of: analog signal storage and channel selection. 

25. The method according to claim 24, wherein the detecting includes detecting in 
an analog detection circuit. 

26. The method according to claim 21, further comprising setting a gain 
associated with the signal. 

27. The method according to claim 26, wherein the setting the gain further 
includes setting the gain in part based on a predetermined criteria. 

28. The method according to claim 27, wherein the predetermined criteria 
includes at least one of the following: a distance between a receive frequency and a 
transmit jfequency, a regulatory rule, a temperature, a received power level, a transmit 
power level, and a detected interference level. 
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29. The method according to claim 28, further comprising storing the 
predetermined criteria in a memory. 



30. A method for frequency translation in a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method comprising: 

detecting if a signal is present on one of two frequency channels associated 
with the frequency translating repeater; 

changing a frequency chaimel associated with the signal from the one of the 
two frequency chaimels to an other of the two frequency channels; 

adding a delay to the signal to compensate for a signal detection interval and a 
transmitter configuration interval; and 

adjusting a gain value of the signal in part based on a detected receive power 
level of the signal. 

31. The method according to claim 30, wherein the adjusting the gain value is 
based on a criteria including which of the one of the two frequency channels the 
signal is received on, and which of the other of the two frequency channels is changed 
to. 

32. The method according to claim 30, wherein the criteria ftirther includes a 
regulatory rule for transmission. 

33. The method according to claim 31, wherein the criteria ftirther includes 
frequency separation between a receive frequency and a transmit frequency. 
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34. A method for frequency translation in a frequency translating repeater for use 
in a time division duplexing (TDD) radio protocol system, the method comprising: 

detecting if a signal is present on one of two frequency channels associated 
with the frequency translating repeater and, if so, a receive power level of the signal; 

converting the signal from a radio frequency (RF) signal to an intermediate 
frequency (IF) signal; 

changing a frequency chaimel associated with the IF signal from the one of the 
two frequency channels to an other of the two frequency channels; 

adding a delay to the IF signal to compensate for a signal detection interval 
and a transmitter configuration interval; and 

adjusting a gain value of the IF signal based at least in part on the detected 
receive power level of the signal. 

35. The method according to claim 34, wherein the detecting and the adjusting are 
performed respectively on a first and a second signal path. 

36. The method according to claim 35, wherein liie detecting further mcludes 
generating a logarithmic signal from the signal and using the logarithmic signal for 
the adjusting. 

37. The method according to claim 36, wherein the adjusting ftirther includes 
using a predetermined criteria the adjusting the gain value of the IF signal. 
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38, The meliiod according to claim 19, wherein the generating further includes 
converting the logarithmic signal to a digital signal; and wherein the adjusting forther 
adjusting the gain value of the IF signal using the digital signal. 

39. A frequency translating repeater for use in a time division duplexing 
communication system, the frequency translating repeater comprising: 

at least two receivers capable of receiving transmissions on at least first and 
second frequency channels; 

at least one transmitter capable of transmitting on the first frequency channel; 

at least one transmitter capable of transmitting on the second frequency 
channel; 

a detector circuit configured to detect if a signal is present on one of two 
frequency channels associated with the frequency translating repeater and for 
detecting a receive power level of the signal; 

a frequency translator configured to change a frequency channel associated 
with the signal from an initial one of the first and second frequency channels to a 
subsequent one of the first and second frequency channels; 

a microprocessor capable of configuring the first and second frequency 
channels based on pre-determined parameters stored therein, wherein 

configuration of a specific frequency for at least one of the first and second 
frequency channels is based on the pre-determined parameters, and 

the pre-determined parameters include at least one of the following: regulatory 
transmitter power limitations, regulatory out-of-band emissions limitations, and 
frequency separation between the first and second frequency channels. 
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■So 20 
[0007] 

xl = hll si + hl2 s2 + hl3 S3 + vl ••• ( 4 ) 
X2 = h21 si + h22 S2 + h23 s3 + v2 • • ( 5 ) 
X3 = h31 Si + h32 S2 + h33 s3 + v3 - ( 6 ) 

B, jl^t7>r:^2 0 1 a?^^6^ 

aryf-i' 2 0 2 a^comi^tminryTt 2 0 i b;^^ 
h^iSTyf-t 2 0 2 a^<Dimi)mf3:i>ftisb. mm 

mmmn-u. mmryf-i-zo i a • mitryr-i-z o 

1 brtgcOEBHtctb-^r. illfir>r:f 2 0 1 a • Sffr 30 
yfi-Z 0 2 araRDf3imT>7'-^2 0 1 b •S<ir> 

r-^-2 0 2 arHl©ggSt/53+53-AtC^©t:\ Sffr^ri" 

2 0 2 at(:^:^or33|ffr>f-^2 0 1 atMiwryT-i- 
2 0 ih&mmmcm^ifcH). Bmmmmmu^ith 

12(ii(fcffii^c6„ IS^^CfflS(Cj;i3> hUihlB-hU 

ih2l;5WcfIi%0. S (4) (5) (6)*>63i« 

[0 0 0 8 ] ±a©fflatCj;0. MIM073S*;Bll.iiL' 

fi?s§s©cfci,^M I Mo:^s©jiffij:)sa$tx.s. 

[0009] *|6Hja, C(DJ; 5^ctt«©TtC)5:3n7t 
[0010] 

^^w.m.(07y7-t!,cMiL mmmiEti, mm^ ^h-^ 
m.m:t. ±mmm$tifcmmm.m<D7y7-i- so 
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ms^i> ^MBBMy r A Jc i ^ r , ±iBi*ff h 
i±fBSff gP?r 45-:>ft£|^Sg©rHlCC, Si:© 

WM^ESL. ±is2-^oi£Sgg©i^fn*>^s, ± 
[ 0 0 1 n :^mmBt bi^mmmmx'[t.±MmM 

tcm-^, ^mm k j; s 4i«©#ihs*© wft-^^ 
um.&mm-^i, v y-:^yi^'mnt^hBM.^m%'& 

-o fcti^. «Mtc j; ^ 43|i©f-?±M*©$iJSP^#?r± 
IBffi^©±IB4t£SSMtca^D-r § 45©/D5$) 5 „ 
[0013] i'j:*?. jiff-r^tr"-if&Cf^©fc^fi# 

'Mm^^^i^.i^fc.^mmt. mmm^^^mDry^ 

iphm^-cmryTi'iicm.tixrz^mnmTt 
th^^t. mmryT'i'K^m^tifcm.mmn^^-^^ 

[0014] *lfeiK©m'^&*«JCJ;5ftE|gej*>'Xr 

A cc J; ti « . 35^ft&E$«sg©i*ft i ^\mumwo^m 
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[0015] 10 

i,s2,..,sutmib'cmiM-r^miw^i 0 1 ^r^^-o® 1 

aaO la- 3 0 lb- 3 0 Ici. 4i«l3n/di«ffi-^ 20 

[0016] ±left^sl,s2,..,slvt3:4i«ll3 0 1 a- 3 

0 1 b- 3 0 1 c(DA2,:7r{C#'5rzl,z2,..,zL<!:L/r|? 

^6n-l>o MW^l 0 1 infJiUffS 0 1 a - 3 0 I b - 3 

0 1 c(Drs(oii,imm$^imtmi^B.m§F tt6 

i> tpm^30 la- 3 0 lb- 3 0 1 c-C|?;?.6nft:^ 
#zi,z2 , . . .zLt* (2) ^j:K)'A^(7) (Dj:'? icm.t 

[0 0 1 7 ] z = Fs + V' - (7) 30 
CC-C. v'«ttiatS3 0 la- 30 lb- 30 lc-e«g 

StlS*SW^^"r„ tfiffiSS 01a-301b-301c 
-eaf ;?.e)tlfcff -§-zl,z2, . . ,zLtt, f-i yVr tC j; D pJfS 

0 la- 30 lb- 3 0 Ici^Sl 0 2<0JSi<0B.W^ 

ft L'/cfi-§-xl,x2,..,xNtt. (2)5^i (7)SiJ;0Si 
(8) ©cfc'5CcS-rCi7)^rt.2>„ 
[00 18] 

X = Cz + v" = CFs + Gv' + v" ••• ( 8 ) 40 

c cr, V' ■tt^ftii 1 0 2 rsg$ti«>m#4S-r. 

^ffigl 0 lT)IHi3tlfc^-^sl,s2,..,sM=&. (8) 

ft-^xl,x2 , . . ,xN5&i6 jlftft-^sl,s2 , . . ,sUfki^fy6tc^ 
©tf51JW^^ai©MMSE (Minimum MeanSquare Error) 

©SMI (Sampled Matrix Inverse)a?:fgJl-rS C i tC 

l",s2',..,sM'*5;XS; (9) {Ci-j-C^feSCiJ&S-C^ 50 
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■So 

[0 0 19] 
[«i2] 

s'-yf'x - (9) 

(9) ^Tff^n/c^mr^f-tMvi^cDfi^si'.s 

[0020] 04»*lll§{cJ:.5ili^eii';^^A=Sr« 

ffl L fcSSijift r A©-||teffJM©II/iS0?:^-r„ 
Sibil 4 0 8 03iftSl 0 1 b/&^6jilif §tl?C7"-^? 
«, 4iiK^4 07a-407b-407 cCDtfiil^3 0 
la-301b-301c ^gr, S«4 0 6 ©Sft 

SI 0 2 at:-Sft§n, SiW4 0 6 ©$IJfflI^tf5$IJfflI 
il4 0 SCCiien^So #Klji4 0 8©T7"U^->'a> 

tci-or, $ij»m4 0 Bt^mi^tifcT'—^imwsm.mm 

4 0 4*/rLrftfi©#sfiJiccj*^5nt:ais*tf -sif^^) 

#Sfiaft«4 0 4 H 4 0 

SS-rs/c&©y- h-'i;x-i'S^4 0 3^:)rbx-iyii- 
V4 0 2(iCW^b. h±(D-9---'U 0 

X h-rSC tJ--"7S'4 0 1 i)^6^mHA0 8 

Kii^tl^r-i^iJ. -Oi;-^-:; h40 2. ir-l-'y 
*'f«B4 0 3> #ltll3l#iH4 0 4. «l^|^4 0 5i&/^ 
UrSaif 4 0 6Kii6fl. § 6 KSaim 4 0 6 ©ilft 
^1 0 1 a;*^63lfi§nfcr"i!tt> «)g407 a- 
407b - 407c (Dfpf/mS 0 1 a • 3 0 1 b • 3 0 
1 c^gr, ^Sdif 4 0 8©Sft^l 0 2 b(CJ;or§ 

[0 0 2 1 ] 115 il4 0Sttjf iSffiiirBlOfiSME 
0 8 iaiiji4 0 eorair. 4511^14 O 7 a,4 0 7 b, ^ 

^^f ^ i' *^©fl^^ff ^ „ 

[0 0 2 2 ] ±iaw^©ii 1 oiimt. mmM)4 06i)^ 

is^MMmtl (S/N) *5||tt;|:e^xi,^/c 

[0 0 2 3] i:faflS©m2©7?SB> Jiiaff °>r+iiw 
m;^ (S/N) ©(-tt)0tcSffM;^4ffii,^S:^a^$.if 

[0 0 2 4] Jiiaws©® 3 ©:^3Stt. mtm4 o e 

fci'-TS^i^'-CSfflS^tCj^m #tt^4 0 8-rhU- 



(6) 

9 

[0 0 2 5] (pmmmomm^fxsnfcm^, mmm^ 
0 8 iphmmmA o e t^Mbrrp^mm^^im-rmm 

m~rmmmn^m% s t . sitM 4 o 6 r bxi^i, 

«ii4 07a •407b a, 4i»mgii^rf§S3n 

[0 0 2 6] 407a-407b-407c 
tt. 4 0 8 ^Sftii 4 0 6 6 ?:SWI5?S 

■rS*S, ^^'■;;:7T(cm^)ji^/c7'-ar*5Sft^'<^*l<!: 20 

'5:«^3*ft«5E?:ff5. 3*ft*iK©7?aB, »i!iM4 0 6 

mb. Mfij;'3^>/J^§Citi^aSJtlg4 0 6A^6jH,*fc 
fcl?. ilffJf (^IKl)m4 0 8XBS*)m4 0 6) 

mt->b<Dm.m-^m>fcibrpmicm^b'ch^^t^'ptj:i,> 

4 0 6ti-^hMfSbtcfmDsta_Da:i*'itpmM4 o 7 ate 
fct^r jliftWS^tf 4 0 8 -^©iifi^ 30 

[ 0 0 2 7 ] H 6 { a ) ( b ) tt, ^ti^ti^mM 

[0 0 2 8] mim^mm(Dm^ ( a ) 
ii-^. ^mim4 0 7 Si (DW-Kic J: -yxmcommmc^'o 

tf^l^B, cf:|ilf 4 0 7 a iStiJf 4 0 6 iorslrtlJifl 40 

^^(Dmmis^^miBti. cn^swffi-:>fci^Ki^4 o 

8 • «fi||^4 0 7 a • 4 0 7 b cf«atif'P*flt±LT 

4 0 8 is»ii4 0 erBi-r-itffiaff^ff^o 

[0 0 2 9] #Klji^2iB=J©i^^ ( b ) 

tpmmi'^ipiic . ^mm 4 o s k r ipmmm ^ if \ 
m^'Cfpm»±tmmbfcm^iicwim±m^mm 50 
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<t^^»fi!!^4 0 6 icmsr?>. fpm^oamt br 

(s/N) i,b<immmt)^m'Mb. mimricrj:-o 
fcm^icmtmi 0 e t(DmmMm.timmb&mm-c 
im<t£-:,tctbx'pmw±tmm'r^. ^tcmoi^m 

0 6 (o^uvi y hsnij^h s/N^jRi*. immimm 

s/N;&>6a<fS8S»^it»L-t. mmmmtim 

1 LT«f#±?:W»?t-573?£^3*«>o mmA 0 6 
B, *ilff±S*?r#Si)^ 4 0 8 J^^eSWKS i 
407a-407b' fmWiA 0 8(C*fUT4iiffiff±* 

a-r *«simg^©®i®JM-^*i6tfTs c i (c J: -pTip 

[0 0 3 0 ] 07B*||HjccJ;2,4ff^^esl>'XrA©- 

7j^-r„ ll7Ca)tt, #SfiJi4 0 8/ii^6aifiJi4 0 6-^© 

«lf *^f^« i * il#±^5f<© Wf ^© y*—7vV 

■CS)S. LENttl wo r d= 3 2 b 1 t iL/cli^©w 
ord^*«L. MSG»WfflIft-^(D«SIJ*«U. Op 

r -€^m-ti>&w^nmA 0 8 ti^p^mmmAo Qi^H 

(Tvyjyf) t£(Dti^^ 4 O e 6#Sijj^4 0 

Numjvi imBM) SJI6^4 0 e-c^at-Ti^?. 

Num_L (HttL) B«igild5cnJ;D/h3l^ 

[0 0 3 1 ] 07 (b) S«6^4 0 6*i6^?ttM4 
0 8 • tpmMA 07a-407b-407c --.©«» 

V v-cibi,. u I mtimm^ 0 s • ifj*i^4 0 7 a • 

4 0 7 b • 4 0 7 c#^© I DS-^?r7j^-r„ D S T • D 
LENBSttif 4 0 6?5:>e.^S&ii4 0 877l^>] (^?'?>y 

yi!) icfci^r. a±teJi4 0 6©3iif i'-f 5 >i^'^0 9 
(a)(C^-rJ;^(C^i5£-r5feCD-C&S„ UST • ULE 
NBSttj^4 0 8*^6*ai^4 0 677[^ (r'7:7*'J> 
i?) fcfct^r. Sttj^4 0 8©aff ^'-1' 5 >i'*?:09 
(b) fC7j^Tj;'5Cca^-r'S)^>©-C&So RXLB. ^ 
il©4 0 7 a'407b'407 c«:fcl,»T«-r?>f' 
- i' ©iSff WSKfflt,\ cfJjBr- 3; ©^ff c ti J; 
04^SW^l^i«L^cl^„ TXLB. tti|i^407a- 
407b-407c (Cfcl^TtfiK-rSf'- 5!©jllMW^ 

fim:^3^5cnJ:f3/h§WtiKcti|aL^cl^ GA I N_K 
ti, «^4 0 7a-407b-40 1 ct^i5\.>X^m 

-^hf-^cy^imtimbx. m^<ommwjxmm 

■f^t^^m&r^i^(DX»,^^ 

[ 0 0 3 2 ] 0 7 ( c ) B. hmmmfMcm-i 

WiA 0 6/&^e,#tt^4 0 8 • ^mWiA 0 7 a • 4 0 7 b 

• 4 0 7 c^o)^mmM^^o)^mw±^m.fy 



u 

^j^To #«tt*Jtcfccvr (si), mmmAo 6t)->h 

«ftfmg7j^©$lMt^^Sff bfciS^ (s 2) . JiTJ^ 

«f ± ■ ji^^--^ Miff 6 #*ftitt«j© * t mmt 

■S ( s 3 ) „ «tt«J(cmf L-fcii^B ( s 4) . 
7'--iti^iM-r?>t (s5) , /■{•:':7t(C7='-5?4S(0 

(s6) o 3iftW^O:^?£B. «r-i'©'Sftm±iJ&^ lO 

^mmm^^^mmiw^vmm s lafcsifa r x l j; o ^> 

^tifcSlfilTXL J; f) fey^^l^^^tcjlftT€.fe©i L 
(s7) > ±iamf©iS^icfc(,^-CB«r-i'4ffia 

■rs ( s 8 ) . ens. ^mm4 o 83i««ii^4 o e 

(Dmmmn^^muct^ (s 9) , ^©wg^wju 
( s 1 0 ) , fHnM^m»±(Dm^ammtmmn 

U. Jg*rtS*S^N7^-tSr^©J»^ (s 1 1) 1*31^ 

i^-f 5 >i^■^c£■©4I^itf|^1H^^•^^-^r;£Mi^f or (s 1 
[ 0 0 3 3 ] la 9 u^mmicx ^MiejSi'X'f-Ao— 

m^r>f"ric^btcS^=S:^mm4r o s-tm i mo 

*»f1;Jg/K©$IJ@Pff -^raS L/C D L E N©g 

[0 0 3 4] ^mm4 0 7 a • 4 0 7 b ttS»M4 0 6 40 
^^6(DMiais^^^iat^ i D L E N/cWilMS-tifci; 

s y^v^mmA: 0 8 LTjinfrs, m>m4: o 
8 Tj*. ajii!M4 0 6 t^i^wmmt bxmi-^fc^mm^ 

i, tpmmAO 7 a • 4 0 7 b gftT'lSl^fc^ftfi-^?: 
^JSf ^ C i J; fj M I M O J; o T r 5? 
-r^So )^Kr©4 0 8*i6affl^4 0 67?r6j (t-j:/'J> 

LfcU S Ti^cWrtifc -Y 5 > 4 0 8 



#M 2003-198442 
12 

l^r >r^-K^?-iBUft:fi-^^-Sift^4 0 6 -CM I MOiC 

[0 0 3 5 ] ii^if ft tpmmm^7r.<Dmmmnvm 

7 a • 4 0 7 b tt^lttji4 0 8 ^^6©3iffft-^?:Sfif 
SiULEN/cWilSS-Sfc^'-l' 5>i''rS±1fiJi40 6 

tc*t Lxmmti,. mmm 4 o e -ck. i^tt^4 0 8 

^Ammt UrSt^fc^M^-^i. ttJ|j8S4 0 7 a • 4 

0 7b rHl^fcSff ft-^^r^fiSt S C i (C J; «3 M I 
MO iCj; ^ trsm-f 3^ ^Wtti>, 
[ 0 0 3 6 ] 0 1 0 »*^ig(cJ:5j|S«ejlli'Xf-Ar 

t;-*S„ #St|^4 0 8tt. 4ffSB:rHl©4aMt-^?:3*gft 
Ti>fai(D'&m<DTly7-i- lOOla-lOOlb-1 

0 0 1 c <t, T>f"f lOOla-lOOlb-100 

1 c:^)^^5©S{fft-f-(c>;^-rS7 ^;V^r^fiffliT:f-oi^'ft 

l\ :0^'5T>r:f- 1001a - lOOlb-lOOlc 

--©j^ft-^K^f u r 7= ^ ^ ;i'ft#5{p T :f- a m^ 

If -5 iSSSR 1 0 0 2 i , ftE^gp 1 0 0 2 6©:gftit-^ 
f-:M001a - lOOlb - 1001 c^'f^^im^ 

M4 0 evrnjivi 6fcii)(DV u-:^ymm^mit 

■r^«^#-r^-trAg|5 1 0 0 6 i. ^rAgpiOO 
^ -T 5 > i^'^tlJtfp-r SffflJffllg|5 1 0 1 6 i , mWM 1 0 1 

■sr X - * ic^pimti t fc 13 . V -Y i J't-gRAai:^ 
3&>6©A;ti<t#=£*iJ1ifiiSI5©*J»»#i^«l(:U-C*f^A 

1 0 0 6 icmtmmm 1021 ir«)S§ns„ li^r 

>Tt lOOla - lOOlb - lOOlc X^i^btc 

fmmmtfm?ii> 1002 {cfci^rft^^ 1 0 0 3 a • 

1003b • 1003c KJ;-:, T^ff g|5 1 0 0 4 a- 1 
0 0 4b • 1 0 04 ctc^»6ti4„ ^fiSPl 0 04 a 
• 1004b - 1004c Ti*. ^^^m^MbXy 4 

r Agp 1 0 0 6 imt. 1 0 0 6 t tt, Sftfi 

mm^^m i o o ? k j: -.t. mmm^-< -{xn^vm^ 

^ 1 0 0 sr-tt, mmWi'-^An-j \■{t^^mm'm^^ 

Z.b.X>-^-<VL 'j Wtmmh^X^^h'P^A 5 ^i'^r^ai 

■r-sci*s-c*.s„ tpiKWSiaJS 1 0 0 9 -e«. ««& 
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TB. mmm^uuy hmn(D@nmmmt) (s/ 

tJ-<-{U y hff-^<DS/N^^6jiffSS§«4it»Lrslfa 

0 9 J; ^WteXBctJftlff ±© b 'J ^/'^i^fS^fef S i flj 

laigp 1 0 1 6©7*ta h zDim^B 10 19 fca^Dsn, 

^tt^4 0 8*>6»i^4 0 6 tcS^L/-r«giteS*X 

{**iH*±s*©*iJiP^-^*s3iHBsns. sfts 1 0 2 

r-B. KKl^fi-^CD'gftfi-^xl,x2,..,xN*>6MIMO 10 
{C J; orSitfeMcojlff ft-^sl' ,s2 ■ , . . ,sM'^i+#-r-5M 
IMOap^l 0 1 Oi. ailfe©cDji^^-^^&>'<^Wl/ 

1 li, nmty'-^i'CMt^m^iiiE^&m^m^mm 

f'-^B. SfllSlgpi 0 1 6©ft#^l 0 1 8-C. fIJtl 

0 1 9KrPf}gfi§Ki£:.^&7"ti 

0 1 7 -Ctt. Siftif 5 > i'-tf-"?- 1 0 0 8 -C'^ 

1 020-C«^§n.S)iS^^-f 5>i^*7cK. MIM 

omm^ 1010 K^>M^=c ^? 5 > i^ft^ ( 

F : MO D E . fiSiS : D R_E N> >PmM& : R P_E 
N) i, M IMO^SSSI 0 1 aJC-^tS^car-f 2>i^^ 
# : TX_EN) ^ifiS-r-S. 

[0 0 3 7] 1021 -C B. fi-^l5>ii 1 0 1 8 jJf^ 

EiWW#ft$i7ft:7'-t5r?:i1-g|5AtB:'jl 0 2 4©-^ > 

i?7x-Xfc$.t)1±fcft-^|-tC^fftO-r, ^-l-gPAffiyfjl 0 

2 4/5^e)Xt;"-*&£;£aDrE±i;f3?tl'5„ Sfc, v-f 
i7Jii-:i5>5Ii)(f3 jA^nfcr-d?B5'fg|5AtH:^ 1 0 2 4^ 
:/M^T> 023(cJ:-?TW?^^f#{b©«iffl 

*^^c§tiS„ ^-SitlElSgl 0 2 2rB. y'u bnJL-M 
gPl 0 1 9^^6©tlJWt-^|-i3-r.;- 1 0 2 3j:)^6© 

fcj^^f^-iJtt^ iUffigl 0 1 fcjg?tiS„ 

[0 0 3 8 ] jlffH 1 0 1 rB, HO ITIE^f -^H 101 40 

-ific^jfeL, S/P^^l 0 1 4tcJ:-pTi";TJV 

uji/^^s c i (c J: 0 afioji^T > 7-t imm 

t^m^^misf-^iic^mitb'x:, mm^i o o zcom 

^IfP 1005a - 1005b - 1 0 0 5 ciCy'-di^m 

So 1005a-1005b-1005c -cs*. 

ri^^'JHf-^?:T:f-Oi^'fi-^{cSf^ (D/ASJft) b. 
mt)m^t 7 ■< ;l/^?j!ftil^ff -oTst^ffl^ 1 0 0 3 a- 1 
0 0 3 b • 1 0 0 3 c*/hLrT>f-:M 0 0 1 a • 1 50 
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0 01 b • 1 0 01 c it>hmm^"'^^im.m^t bx 

d*ffT5o HI lB^S()^4 0 8JCteif2,j^^ft^f-f5 

> i^it*g|3 1 0 1 7 CD * S > fm^^^t. mi 1(a) 

«*-F (MODE) B. slWil^rat-n-U'^Jl'-r- 
@Sl±J:^Ji^i:5„ Silf!M4 0 6^^6CDi:gig (DR_E 
N) B, ^■:>i'U';. hif-^cDKrara-U'<ji/m;f^i)^cf] 
»^lfe©^t■^©ElfflT/^ -i l'^)\^&,titU:h. ^WiA 0 
7a-407b-407c iPh(Dfm^'&-r:hi>^mM'& 
(RP_EN) Bn'-W'^;Haffiffi^ti&4„ Sttii4 
0 8©)ll^a?-< 2>i^ (TX_EN) >'^•-^a•? 

■^•©Eratr'n- v-^jimt}. #tt^jlfiBf r^rvN 

Jl'[ti:tJi&S„ mil (b) B. W^Ottf'F^r^LT 

i^s.o cpii^-F (MODE) B, ^ii^^-r^w 
;i'-eS^ffi^j<h&S= «ii^4 0 6*ie.©ii:«« (DR 

_EN) B, ^UO':' Fff-^4SfiiLr«ttmg^j^ 
r-i' 1 0 2 0 xm&^tifcT) S T-f n/c^; 5 yi^ii^ 
W\b < TOttmg^r-^ 1 0 2 omSSti/cD 
LEN©ft^^■e-'^'^ U--4;mi;>ji^cS, ^X©DLEN 

[0 03 9] «JS407a • 407b • 40 7 0*^6 

ommsxhi^mmm (rp_en) m^DR.E 

NTti-iDL E N©6§t3-"b-<JL'i^c-or(iSErHlt:v^-i' 
i^ttM4 0 SOji^^f-fS^i^ (TX_EN) A-f 

o ym^^mmt bx^mmmmi'- i o 2 o -c 

{'Pimffsf- $ 1 0 2 0 nfoU L E N ©SS S r 

}^^V^)\^mitl3ii>. ^X©ULEN©ft§-Ca-l/'^ 

-ii'ii'^cf]. ;A©^>vn F^f-§■©lE:Hl;■c-'^-/^'^;^<i: 

[ 0 0 4 0 ] 11 2 B#KliiiCfct^.5.M I MOffiPH 1 
0 1 0 i P/S^lfeS 10 11 (r>mf&^mf:fn -y i>m 

gii 2B^ttMK-o(irm^r*s*i\ Sffli^ 
©MiMOSimii. p/s^ftll^>|llD«lISr*s„ 
Ticmimmic-Dv^xWimt^. it^^^iii o oix^ 
m^tiftmmmmmt. m i Momm^i o i o©ws!i 

ilgn 2 1 6 a • 12 16b- 1216 c--S6*iS„ 
jyMilSEl 216a-1216b-1216 c©1tJSS 

17, /^•-^7T 12 18. »n»Sl 2 1 2xmS.^ixfc 

mmmmfi'mRWii 2 2 o-rsf;?§n, tt^mmmt 

17. /^'^.7T 12 18. flnffgl 2 1 9©f¥ili^c«ff 

tC-^l^rBfia-rSo rv;V5^7Vi'1f 1 2 2 1 --ji^^ 
tifcft^B, rvjl.5^7"^i?tJ- 1 2 2 It? F L---=->i^' 
{t-^i7"-5!i(C5>M$tiSo FU-:^>i''if-^B-i'x 
FH-»gP 1212a - 1212b - 1212c (C, -5= 



(9) 



15 



211a-1211b-1211c 

21 lai(cj:f3. llicDj#ffT>r:^/^)^e.jtff 
ffffSRl 2 1 2 ari^. ^i©iifir>7^:^m<z>iiff 
1 . W2 K W3 1 3^)^»tti§n^. com-^^^ffifflL 

r. awsffgpi 2 1 1 eLvmmmMm7t>n. mi<o 

i>. mm^c^ ^ X h ItSgR 12 12b. If fflSSSR 1 
2 1 lb^cj:0ll2coj||fiT>r:^j^i^6jSfi3n/cr- 

^?cDja£fas'23&i. ^ ^ ^ nt^gp 12 12c. awa 
[0 04 1] ftstts'i, s'2, s'3ti. mm^i 2 1 5 

a-1215b-1215 CCiHISn. P/S^S* 

R„-Eti-x'J 



10 



2 1 

[0 04 3 ] 



la - 1211b - 1211 c(^Ctel.^r. 



#5^2 0 0 3- 1 9 844 2 
16 

1 0 1 iccre^vr;i/r-^tc^f^§n. m^miEm^ 
111 0 1 ^y:^^ Mt»sn 2 1 2 a • 1 
2 1 2 b • 1 2 1 2 c . awig^gp 1 2 1 1 a • 1 2 1 

1 b • 1 2 1 1 C(DtUmC-Dl^Xtmt6. VMf 

»gB 1 2 1 2 a iafflill»SB 12 11 8iV\t. m 1 (Om 

MS E (Minimum Mean Square Error)tCtettS SM I (Sa 
mpled Matrix Inverse)iS^ffiflBt"'£>:W^6^. h 
itffSE 1212a-1212b*1212c (Cfcl^T. 
[0 042 ] 

".(10) 
-'(1 1) 
"•(12) 

^^tm-r^CtV. MMlis'l, s'2, s'3 ^^isb-SCli 

[0 044] 
[i(5] 



X 



-(13) ^ 

4^) o W„ = i!^xmJ*">^iaaf 



12 18, asm 2 1 9©Stlf1sKoiiri^B^t-So S 40 

mmis^^^f-^ii'^y'ui'-^t 1 2 1 Tier, a*M©7 

K, J^-yyr 121 8(C-Biati$tl^)CiKJ;i3ll9 
m^mmbtctfyrj:-§rcti)iv^^„ ^^f*©e«« 50 



[ 0 0 4 5 ] H 1 3 «#tt^K;teWS S/PS^g 1 0 

1 4 iM I MO^iHlg 10 13 ©IfliS^^i^-r^'ti i'H 

s/pmm. M]uo^mWimbmm-c$>^. wf^ 
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^fcSnfcr-^S, S/P 



1 0 2 2-Cj*ftr>r 



^;?7f ^ili^gP 1 3 0 3 -r:' B . § jiff T > r-t" 6 Ml 5 

:7"Ui'1f 1 3 0 2^cT[^#^5■flJ^S^t^So B^J^JfiJB. T 
n/cft-^tt. ^Pii 1 3 0 4-rS*--^-;^A> Ffi-^s 

1, s2, safcSiiSn. iiiagCl 00 2*gT. T>7- 
:^*>6jll^$n.|.o hU-^^^^^-^^aJl 3 0 3-C 

[ 0 0 4 6 ] 0 1 4 1 0 0 9 IS^tt^ 

■r^'o i'la-cAs. 1 0 0 9 

s©^jii?'j^ 1 o©i3K7j^-r„ msm 1 4 o 7 w, 

S<tS/N«'MgP 1 4 0 3 riJSL/fcSfiS/N & 
6*>(;**i*r*^S/N©g|ffii3!)3> J:b«?«|l 40 5 

-cttl53 ti So -gfi s /N©^755 At L^ti^tcttiblM 

1 40 5:^56 r^JjiUJ^j /!)3^Hy^J3nTR_ENJ53/^-^ 



(10) #M 2 0 0 3 - 1 9 8 4 4 2 
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[0 04 7] ■IK\L^ MffSSSacc j;SMS-r:tt, mSL. 

i^c (< Oii-^© - - > i'ft-^*^ - - > i'*fi-^^it 
gPl 40 IT-MHiSnSo C©hU-:^>i^jf-^^ffll^ 

T, ea?88Ji^ai5 1 4 0 2 {CT. »tti©is«i^©ra© 

^ttSM, pp47~48. 3h-AtttH)S^, ISBN4-2 74-0786 

mimmmimm 1 4 0 4t:-^w«Bf{cfettsjiftss§ 
■s.affi?s§«©i««i*5tfc«^ 1 4 0 6-cit«5*i. m 

20 NAiO-KiWi^cS, 

[0 04 8] SftSSgmltffgP 1 4 0 4©if|fflK'Ot,»T: 
iliB|§-r5„ MIMOCCteW-SiiftSSSmCK. 
[0 04 9 ] 

i' 

(14) 



H 

C 



•Cibfc^6itlSCF.R.Farrokhiffe, Link-Optimal Space- 
Time Processing with Multiple Transmit and Receive 
30 Antennas, IEEE COfJMUNICATlONS LETTERS, VOL.5, NO. 
3 March 2001). CCT?. i^fC^f i^sOSSStlS. 
[0 050] 

* mi] 



§ g M r > ? ir JPfc 5 ^ISailf «;l!i<, 

JV^*;mffi^f^lo 



[ 0 0 5 1 ] 0 1 5 it:^'micj;:?,fpim<D-'mmm 

(Om^^^^f:^^':, i'mx^)^, cf3|tt^4 0 7att, 4a 

im.m<Dmmm^^msmti,fc^(D7>Tti 50 1 

WiTi-'a hT^va ;Kf KSf^-r S A/ D 

ai^M^tfl^ :^^'3T>r:f- 1 5 0 1 ---©j^ftfi-^tc 



0 2 i , il» 1 5 0 2 ffih(D'^\m^^^^ v-yrKt 

f)ii^-c. Bif«i^iaiiiS3-a-cif>iSii*tf54ii8ii§** 
L. (piK©fc*©$(iiJ^^*^is^^sfc«)(caii<b^ 

Agn 5 0 6 i , AgP 1 5 0 6*^ 6f#fc^ff ff-^*^ 
50 Sljaigpi 5 1 7 ^SlgPl 5 1 7-CSWfcSMft^* 
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gi3i 5 2 6 i:X:mi&SrL6. 

[0052] c c-r. tpmmA 0 7 b. ttiii-r-5ii#Jii 

0 7a(cfci^r^. mmr ->7-t^^bM I Mommt 

f-:M 5 0 1 V^isbtcMUismtmUM 1 5 0 2cD=tt 

mm 1 5 0 5 0 4icmhi,. 

gpi 5 0 Sftffi#{C*fL.r7 ^;V^«!iS*tfl^ 

'J^M'mftcm^ (A/D^f:fe) Lr^rAgpi 5 0 6 

icig-To *rAgpi 5 0 era. sfiff-^ttft-^^3-gi i 
5 0 7 fc J: -,-c> o hft-^ijSft^ft-^K 20 

[0053] ji^^^^«tti«S3 0 l-CA-,:7r(C<!: 

ffe-il^Sfl-f^^-^^ (RX_EN) 

;V (TX_EN) . tpJU^J^i 5 2 2j!P6f#6n'5*« 

-^^-t/ju (TR_EN) tcioTctiiiurjiim-rsi? 

i>'^{tmtimci^bxm\Eti>. mtKDim^^t 30 

*fc*5C, ft-^^itl 5 0 7-e^l!t?tlft:^«Mffl# 

», apfi 1 5 0 8 -t'^pff-^^^TutcR-rffipsaii^ff 
i\ m'otmm.^^i 5 1 5fc-riiDiTiE^m^ffl-^sa 

1 70<i#^lil 5 1 8-C*IJ«fiHt#<!;:i— tfr^/'J^r^ 

gi5i 5 2 1 xnmmmm%^-'ryx^:^mm^mm\'^ 

6*. ^iftmi^f^-iJ 1 5 2 3 i l.-rSA6nSo 

[0 0 5 4] mwrnM. 1 5 1 3 rti, mitWif^ Av.^ m 

v{m<D^mmti^m'&b. tmmi 5 1 9r««i{^ 

JlS^T^-if 1 5 2 3(DiHBTXL J;f5;^tfWti«(WK^ 

5 2 2t:fls$ti?.o PiSK, m.wm.n- 1 5 1 4-ctt 
mmm^(D^{m-nm\%b , mm \ 5 2 or« 

«6mgn^f^-;5f 1 5 2 3CDI8<iRXLJ:f}A#Wn«cp 

S 1 5 2 2 -CWSStlSo i*ftS;fjit»gP 1 5 2 5 Ci, 

s^S'j^gpi 5 1 A(Dmm{%^<D's.m,-n\mbx. 

tpilS«rmg^7'-:5f 1 5 2 3©GA I N_K<gLfctf-C 50 
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[0 05 5 ] aiSgP 1 52 6 -CB. 1 5 1 8 1? 

53-ilL'fcr-$tt3-r-:.i' 1 5 2 % ^i\bX.>)\nK'^ 
^Jl 5 2 9©-{ >^r7 x-X4Cibt>-a/df-^^f^:^5|Tf 

t!^h<D-^-pK±{'m\t. 9\%K^ti 1 5 2 9 ^gEflL-r 
7 i' 1 5 2 8 -C■■^tfB^ll^t^^t®l*3^c3tl. #s 
itliSS 1 5 2 7 -C7*D h 1 5 2 1 *^60SlJfflI 

It-^in-f'i- 4/ 1 5 2 S^'^tDf'-iJjSJ^^S^b^ti* 

f-'Agp 1 5 0 6 ©ia(3fTIEIf-^ll 15 16 fCjg^JiSo 
[005 6] jeOiTiEW^S 1516 "CB. MOITiE* 

15 11 {cj;-prie^e^:^rs;(cS)-p/c^iii!aia*tf 

5„ ^S^tlElSgl 5 1 Oftt, 0 1:^^6©« 

r-a^i. ^miii 5 1 \i)■>h<Dm^\%^^^m'Lb 

ftHtSPl 5 0 2<DjMftg|51 5 0 5(Ctt-r. «ftSI3 1 

5 0 5t:Ci, ri>^';Wt^^T:f Oi'ff-f-Kai^ (D/ 

km%) b. m^Wgi^ ^J^^^M^^f^r^tffl^l 

5 0 3?r/rL-CT>r:f- 15 0 1 ?i^6S®r"^^«aiK 

[0 0 5 7] M I uom{wn^(DMn^ut 

[ 0 0 5 8 ] H 1 6 B«jf 4 0 TKfct^Stt^ll^g^S 0 

thi,. COHKteC^TB. *tt^4 0 6*^6^tt^4 0 

Mf^A^y i^'lt^gP 1 5 2 4 K ^ r §^ Ai^-- y'fi 
( R X_E N ) Kilk)^ 4 0 6 ii^^MM&Jl'CmEt 6-'^ 
^a»^ hft#(D«iS*f--^l 5 1 2-c^fflO> cn^c 

^^L-rcfJliSfiMgTj^r-^; 1 5 2 3T?MS5nfcD S T 

f*^ h ^mmm'im'f- ^? 1 5 2 3 -cti 

^SnfcDLEN©gS^N-f U--i;l'ai;'3inc'3. ^< D 

-si-ccsssr©rBi D LEN©s^rv^^ w-^ijiin- 

EN) B. Sff^^^-^*;!/ (RX_EN) iC>(^L-tDL 
ENjitlfc5?-< 5 >i^-CD LE NCDft$•r/^-< L'-^Jl'i 
n-U--c;l-^Mt3M-r. «ls3 0 HcAtl$*i/cfi-?l 
B, :g(t'/*-7Jl' (RX_EN) 1)i^^^\y-<.)V^ti<D 
^?'f 5>i'-C/^'^'7T^Ci^)C*. jHfH^^-^JU <T 
X_E N ) iirfBCDifiiKipJ^ 1 5 2 2 (C J; -5 trff 
^WiA^^-'^'il (TR_EN) *5V^^ u-^cjboi t(C, 
^■^ y T 6 7" - ^rlX Hd L t sift -r i> „ 
[ 0 0 5 9 ] 0 1 7 J: S»fl6^©-||ife^© 

if)ig4^j^-r7'o 'J i'gitj&So s»Ji4 0 6 B, mm. 
f^(r)mMm^^m^m■ri>fc^(Dmm(DTy7•t 1 7 0 

la - 1701b - ITOlci, 7l^7"r 17 0 1a 
• 1 7 0 1 b • 1 7 0 1 c*>6©S(iM^(C>!t^S7 ^ 
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A/DS}ft^a*tfi\ iP-oyy^-r l 7 O l a • l 7 

0 1b- 1701 c^<Dm{t{t^lC^hXf Ai>^Mt 

mm • mtimm^n'yumu 1 7 o 2 i . mm 1 1 

^Lxm^ iTiE^^tf ^ s J: 5 fc%gs^#ftit- ^^^^{b 

mm^'iix^K mtkryf-t 1 7 0 1 a • 1 7 0 1 b * 1 10 

70 1c^^iSL. i^nWiA0SX'{KjzX^hfc^(OV 
y^::^ym^^^m\\:L. ^n^A O 8 i«^4 0 
7a * 4 0 7 b * A 0 1 ci^mm^ ^ ^^^^JSSh 
(D^c^mtJi^^AUv hft^*)S?:!f5^rAgn 70 6 

^rAgpi 7 0 ^^^hmc^mm^i^^hmmm^^ 
mWiLxnw^^^wmmm^hv'vi ^ n;i.^as*ff 

i\ ^mnom^m^-^ ^yi^mm^m\m^\^ 1 7 1 

2i. SIJ»1 7 1 2:^^6Sti'/cSfift-^^ftlJ»^4 0 
S^cMbfcO. W^4 0 5;^/^6CDfi-^iSffi^4 0 6 

;j»^6ife*-r6M-^4^s{tLr^7^Agpi 7 oetcM^r 20 
fc^(Dmf^ I F 1 7 1 7 ir«)^g^n5o iyTfc<t-^oD 

[0 0 6 0 ] T>r::^ 1701a-1701b-170 

1 c -CSML/c^M^&^fiiSgP 1 7 0 2 O^m^ 1 7 
03a - 1703b - 1703c ^/r Or^ffgP 1 7 0 
4a • 1 7 04 b • 1 7 04ctC?g5nSo Sff^Rl 7 
04a - 1704b - 1704c "C^^. S^^-^tC?^ L. 

-^rr ASK 1 7 0 6 tcSTo AgR 1 7 0 6 r^. 30 
Sft^-^t^DEMUX 1 7 07tcJ:oT. ^ttMJSiJic^^ 

IfOr&Sifill 0 2 a - 10 2hmWS5^^i^. #S 
ffil 1 0 2 a - 10 2 hX\X M I MOffiPfll 0 1 0 
a • 1 0 1 0 btcJ:or#tt^rmr>r::^fc^ffiL 

-^^P/S^feHl 0 1 1 a • 1 0 1 1 btcJ^-oT^?-^ 
jtr-^CcML. i^OITiES-^fll 7 0 9 a • 1 7 0 9 
b J: ^ rW^-^jbr- ^fc^^fSi^D ITiE^rtf ^ a-^M 

1 2tQg$n. ff-^5}Stl 7 1 4^Cj:^rtlJfflJif-^i:i 40 

:7'u h rajb^agp 17 15 tcrfiifcn. Pfg^^^tfJ 

T-^ 17 16a- 171 dhl^cm^O. CCX^mb 
fc^>f5>y/>'^y-^^ (DST-DLEN-UST- 

u L E N ) ^micmsiM^ 5 > mm^ 1 7 1 3 a • 

17 13 hXUlUOmm^l 0 1 0 a - 1 0 1 ObfC 

sm^j:^-^ ^ym^ i^B'^-i' : MODE, mm 

DR_EN. RP_EN) iMIMOSm 50 



#5^2 0 0 3- 1 9 844 2 
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ill 0 1 3h(<csmt^^^ ^ymn (mm^^^-y' 

)l : TX EN) ^ffe^T^c ft-^:»Btl 7 1 AX^B 

srifcmM<D:^-"fry'v T-iy 3 y(Df-^\tmf^ i 

F 1 7 1 7rMUX 1 7 2 0 r^mit^tlSfJ®!^ 4 0 5 
fCiiffSn?>„ S/c. »^4 0 5:0^6^ftL/cf^--^ 

iYm^i 7 1 gr^situr^^eDEMux i 7 i sr 

:i--1fSfJicjIif S 1 0 1 a • 1 0 1 h{cmiti>. 

[0 06 1 ] m\m \ 0 1 a • 1 0 1 hx\t. mnmiE 

1 7 1 0 a - 17 10b xm\tT-^f)mnmA 

t^-^{tf^--^*S/PS^gl 0 1 4 
a - 1 0 1 4br>^UT;^/^'v^';l'^^t- scitcj:-:, 

xmimA 0 6©fflmT>r:^ 1 7 0 1 a ^ 17 0 1b 

- 1 7 0 1 c--^(Dm\m^^^mlL. m i mo^ii^ i 

0 13a- 101 3 bfCj:'jr#tt^40 SrMIMO 

filffl 0 1 a - 10 1 h(Dm{t'f-^ti-^'^vXv V^^S. 
gpi 7 1 1 X^^Lfu^-(V.v hff-^^MUX 17 0 8 
X^m\tLX. mum 1 7 0 2 (D^JIftaS 1 7 0 5 a- 

1 7 0 5 b - 1 7 0 5 cliCMtf-^^W^. 

[0 0 6 2] SffgP 1705a - 1705b*1705 

-^A/Y)m^h. y ^ }\^^m^tntim^^^'ii-^x. ^ 

ffllg 1703a - 1703b - 1703 c^fthXjy 
r:M701a - 1701b - 1701 ct^hmitf- 

^^mmm^tLxmmt^. hti(owmh\^^x. s 

^:^l 0 2 a • 1 0 2 bOM I MOHiaiil 0 10a- 

1 0 1 0 b t^ia 1 2 xtm hicm^&tn—xh K) . mi 

^1 0 1 a - 1 0 1 bOM I Mollis 1 0 13a- 1 

0 1 sbtis 01 3vmmbfcm}&tmcx$:>6. mi 

^ y ^nfmrnmrnmcofci^co ^y yiir ^>^. 

11^- F (MODE) ^t. ^^^m^mtn-u^)ix@ 

Sffi^i?:?^. ^mmAo sti^hcoiSM^s^ (dr_e 

N) It. hiM^(DS.rSXr2-y-<)lli\t}trj:r^ 

»M^t-^0Efflrv^-Yw<;^^^i:^J^^cs. «^4 0 
7a-407b-407c i)^^<Dmmmx$>6^mm'^& 

{RP_EN) ltu-y^)m^li^t}tfj:6. Mmm4 
OeoMS^^ ^yi^' {TX_EN) It. ^^^u-j Fit 

mtittj:^. mis (b) It. ^mm(DWji'^^mLx 

l^^o «^-F (MODE) It. W^^T/WU'^ 
)VXmniiit}ttj:6. #S&^4 0 B^^^CDitStft (DR 

_EN) ^uuy hm^^Mmtbx^^mmm^m 

T-^ 17 16 dLXm^^tifcUST-rtifc^^ %y^^ 
iPh. |HlD<«ttmg^r-^ 1 7 1 6 atraS^n 
/cULENcDSSSrv>YU-<;l^ttJ^ji^c^. yCOUL 
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mmiO 7a-407b-407 ct^(h(DmSmV&^ 

^mm& (RP_EN) tt, tfiiBDR_EN;53ULENcD 

<0, ^tiy:i^T\:i-l'^)Vtiitlits:^. »il&J^4 0 8© 

mmi<^^>i'' (Tx_EN) tt. fUviv hmmm 

17 16 a-ca«?nfcDLEN©SS$r/^-f U-^Jl/ 

ttl^li;^j:2>. ^^©DLENCDg3rn-U-<:;L'i;^:f], 10 
;^(Dy^•^■ n i. ^•^f-^ol2:p^at;v^ u-^ii-i a- u^;!/ 

[ 0 0 6 3 ] 02 0 B2p:^BJ{cJ;S*SiKe3i->;^rA© 

So m\m \ 0 lXB:§fi^l 0 2(D\.^-fM^-l3ifim 

ilgSii^ C i *s-C# SBai/igHrtKS«!g52 0 0 1 20 

a- 2001b - 2001 c^mSt^. 132 0-cra, 

i^ftsi 0 i-b^mmsMcmmmu. simzoo 

la-2001b-2001 c-CSWL/TS^Sl 0 2(C 

Silii"r-l>o SWtl2 001a-2001b-2001 cO 

f^^WtC^-T'SC: i355-ct-5/c&> M I MOOSifflIK 

[0 0 6 4] 

(MI MO) ?:WffiL'fc^^Siiafi>'Xf Atcfca^r. 31 

[ 0 0 6 5 ] 0 1 9 tc, *l6?5*fiMLfcJi^ 

0 ) i Mffl L it OJS^ ( L ) ©tfmitlx^ If -:> fc 40 

fg* 5 © i is?E b , eisss©fi-^?t«wm^ ( s / 

N) ^3 0 dB©iSi^rlfffiL/fc„ H 1 9 J; 13 • 
[0H©ffi#/^j:SiBa] 

[0 1 ] M I yio^^(Dwmm(oic^(Dmw£M^y^ 50 
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[ a 2 ] ^itiaff fc W S V Jl. ? / ^• X eatit:! i M I m 
[US ] *ISHJ{cJ;§«ifei*>'XfA©-*M5SJo 

[04] -^wmLXhw^Mmi^y^'ri^-^Mmhtdmi 

[ H 5 ] H 4 ©{4tt^ i Bii^ ©fttMejSCCfc If e 
jlira*^!^©*)^^^ a-ST&So 
[06] *llig{cteW5^ill!.*4iiSife^±i^©Kf{'f7 

[07] *|6W{cj;5ielieili^^f-A©-3li6?^gS«: 

few SSIIfPft^©^ -b- >>7 * — h So 

[0 8 ] *:|6Hj(c:J;SftESfEil>':^rA©-|||iff$)l8K 
W S * il Ji© 4iMf1^ISia)i© 7 a - 0 r $> S . 

[09] *l6?S(cJ:S«!i«{3ll'>y^f-A©-*iiWcte 
WSm'^&4i«e3*fi^©i*^ff 5 

[010] ^fgBjKjcSftEeej^i^XrAffi/^^StiS^ 
«lji©-^M5M©«)jS?:^-r7'0 -J i'@t;*-&o 

[01 1] HI OC^ttSKfeWSJ^ft^J-fS^^^lt 

[012] *|gBJ5Kj:S#tt^©— ^JfeMKteWSM I 
MoaiHHi P/sSt:feS©:/n i> i'Hr&l.o 

[013] *^l5{cj;S^tt^©-*JfeW(<:*jif SS/ 
PSJftSiM I M0SiilS©7'D y '^mnhh. 

[H 1 4 ] *l6ai§(c j;S#«)Jg©-^MiJictelfS4i|i 
*iJS|5|8S©:/o i» i'H-C^S. 

[015] *^l5{cJ:S4iil^©-IIJfeM©«)?S**-r 

[01 6 ] HI 5©«)iccfcwS4'«SAtid^i;-f 5 
>i^*iJilS-rSft:*©5f 5 >i^0-C*S. 

[017] ^^m^^'hwmay-wmaym^^mt 

[0 1 8 ] 0 1 7©aii/iccfcws3iSff -f 5 >^^'it 

[019] *^BJ!©»!iJ|i?r7j^-r!f#tti[:$x0r*S„ 
[02 0] *^BJ!Kj:Sft£MEai^X7-A©1te©iefeJfJ 

[^f■^©ii^BJ] 

10 1: SfiH. 10 2: ^MS. 2 0 1 a • 2 0 
1 b • 2 0 1 c : Mtyyi-f 
202a-202b-202c: S^T>f■•:^ 
301a-301b-301c: 4 0 1 : tJ" 

4 0 2 : -Oi?-^-:- 4 0 3 : h x 

^gg^ 4 0 4: #tta<f«> 4 0 5: flJfP^. 4 
0 6 : Wmi. 407a-407b-407c:nti» 
Wi. 4 0 8: mmWi. lOOla-lOOlb'lO 
0 1c: T>r:f-, 1 0 0 2: mUM. 1 0 0 3 a- 
1003b - 1003c: ^tffl^, 1 0 0 4a- 100 
4 b • 1 0 0 4 c : SMSP^ 1005a - 1005b- 
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1 0 0 5 c: il^ftgp, 1 006: -tr AgR. 1 0 0 

7 : im^^m. 1 0 0 8: mimMm^ -t 5 > ^v- 

1 0 0 9: 1 0 1 0 : M I MOft 

Sm. 10 11: P/smm, 1012: teDiliE 
m-^m, 1 01 3 : M I MO^P^. 10 14: S/P 

^mii. 10 15: iaf3iTIEI?-^§i, 1 0 1 6 : flJfP 

gp. 10 n :ms:mii'< i>mwm. lois: 

fi-^^J-SI. 1 0 1 9 : r^o b ajL-MSB, 1 0 2 0: 

10 2 1: aiSlfE, 1 0 2 2: ^S^bHIfS. 1 0 2 

3 : n-f^'i-^? 

1 0 2 4: J1-§|5AW:^3> > 1211a-1211b- 

12 11c: mmmn-m 

1212a-1212b - 1212c:'i'x^'Htff 

12 13: m<Dim. 1214: 1 

215a-1215b-1215c: mm^. 12 16 

a-1216b-1216c: miUMM : 1 2 1 7 : D 
EMUX, 1218:BUFF(^-^-;'7t), 121 
9 ; m(OmW. 1 2 2 0: SJRH, 1221 : D EMU 
X, 1 3 0 2 a • 1 3 0 2b • 1 3 02 c : MUX, 
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mx\t. is«x-^'(c>fttaftss^?^-fti 0 0, ^Mi 0 1 imh. ^tL^zM\wnmm 
?)-mLi-f}-mzm^'t^m (102) l. T)y-{mzWMLi^Mm<mmTy7-^ ( 1 0 

S-l-'lOS-M) ti-^o]*m~fh. Z<r>t%.. \ 0 2{Zi5\^xmirhm%t^mtr>'f 
-r (103-1--103-M) <7mmmm^^mmm\^m^± t . zti^mm-th ^ t x 

o t;^. SfifflJTtTU-f^SmBt^^^NjitOSmTyT"^ (104-1~104-N) 

T«tJtfi^^. m.mm?i-im.-it-mz±.x-tm^^ (i 0 5 ) f -So -iton^. 1 0 5 
tci3v^Tm-ri.f^ai:gmr yx-?- (104-1-104-N) co't4mM^^>;^>A>g^t^^^^i] 

[0007] 

t.fz. ffitOSfffi; LT. M I MO (Mu Itiple-Input Multiple- 
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Output) ii:m.^iommibmf^ti^> m stcM i mo^m^^tzm^mmiwij'A^ 

tL(:>i^tL^fim^i,z^M ( 1 0 1 - 1 - 1 0 1 - M) L./i±T\ Tu^mzmmttzm 
mcr>mmTyf-t ( i o s- i -i o 3 -m) t^i^mm-th, z(7mimMiSismi. m 

im^mry^i- ( 1 04- i-i 04-n) x-^rnvtim^izMi. mn^ncommn 

(108) miz2:DMimm^H%^. <rcoi:§, ^<7^mm'm]^mm&m^ 
xm^^'ofzm^iM.\Hzj^m-tiJ^nzmf&-t^zbx\ i o 8t^^coiii:f]m^i^m^ 
1 0 1-1—1 0 i-Mx^m$fifzm^i,zmmLfzm^t-t^'itiin'^t. izx\ 
zti^mmcomm:. ^ti^iimm^ loe-i-ioe -MxmML. amssa-^-fLU 

^m^^muzii^m't^ z t ti^x^ . mmwmmmc^m^mmti^x^ ^ t $n-cv^s . 

[0008] 

Lt-h^z. ^tic^ff-)mimmm\mzmmLtzm^^ . mim±^±^^£mmmm^^^ 
\.mmx%ti:\-^. i^^m.mmmm^z\iiy^ j ym^ t mtti^mmm^i^^^-th « m i 
tc^-Tiotc. m3'^fiX'ht^-cY>MA-}T^\,zii\,^x. wm.mm-mmimzi^\ y 
ym.^i,zi)-^t£y)T&-i\^xii D . zfi^^-wt^i^z{±m 1 ^x^±jj^(.zMm^A y v 
m^^xv^<'j;^W:ti^h^ . L^^L^jit^h. fmmimzav^xii. ^^^^t^hc^i 
T#<7)#ffi: i 0 . '^^/ym.^\,zMtx^'mzi:hm^ (iii4i«t*pi-^) j&^w^ 

WMt)^'&mt^j:->X\-^h . 

[0009] 
[00 10] 

miEMiMO:trs(;{i. Wk<r)^mn^mm (fEi^v;^^-^l:) T'# 1.^:46. 

i'm.^'&nmi.x\-^tzzKt.x'(ni^x'rJ^cr>i^^jym^^mi^x±j5mzm.i^^ i 

ymm-x'^^fihy:K^d^'mm}mwjimmt. ^{iosbt o^^^ <est»-iir-r. m i m 

[0011] 

%'>x^mm'm-<r>^m\±. m^i^^^mMm--i:^^m\izmKy^. ^^wmm 

^i^%<^m\^fzmm\%yy^^2^^^^'th:Lb\^zhh.. ±fz. *^BHom^cosw«± 
. ^'M<mm\.z\^->xmd^mY.'fh^mmzmt\^x. m\^<^m-r^AyY^mmzm 
m~t6'itizhi>. 

[00 12] 

[ mm^m^-tt fz^(^^^ ] 

±immi:mk-ti^fzi^^z^ ^^m<^Mmmmi-^^Mzi5iir:^T-9imijm±. ma 

b "kmUz:! b ^m^b^h . i. iSftiitcMjito^ifflUt Lflic7)ilfir >- 

m<r>m^^^m^. ^ix^\^m<mm7y^^t-hmmth^b^'mm.b-fh. 

[00 13] 
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MimmM^m. r^'yyr^m, mmwimit^^^mt, ^^■m<^-3^^m-thmiz 
m}kJ<'yyTizmmi. mm^tLfz^mm^izML. Mimm^m.^^ti:n^\ i^tca 
^^n.fzmizmmimz^'^sm^m^-t^ ^ t ^wmt^^ . 

[00 14] 

^m^i 01-1-10 i-MT^m^fi. Mimmm^mmn (^miyy^^A) i%h 
. "^m^i 0 1 - 1 — 1 0 1 -MT-tf •5^^i)ti{±. ^fi^MT-^ j;v>. t.fz. mmn^^it 

x'<m<^mmmmM^mz^m'tm!^i.mmmm<^m^->^fft zix^uimm 
m^mm^ (^mi-y^^^) a, MxLm(7)mmmu^hmf^^ti^Mmnmbmmnm 
mn^io9i,zxm^f^h^tt. uMc^mmmmn^^. muMc^mmm^iti^mc^mm 
ryri- 103-1—103 - L tTismsfLS , :icom. mmn^^mM^ logizxm 
momMm^ituEcomiMTyr-i-^^i^m^x^mmm^^zxmm^tih z t x't:-j^y ^ 
-^y^^'^m^titz-^mx'^kmzmm^tih. ^mmxit. ^mc^^mry^i-ioA- 

1-1 0 4-N^fflV>TSft§tl./^Nfli<50Sftft-^tcMtT, NXMfflC0l«*^iS:*^^>^ 

^mmm^itM i uomm^iosizxim^h^n. uimmmm^ i^miyy^^i]^) 
^nh , tm\mim\t^- {^m'^y^^>v) [z^Lxum^ i o 6 - 1 - 1 o e -m^zx 

izA:b^fi. mmmg.^mmt:^if. ^mf-^tLxtati't^. zzx\ mMumc^m 

mim (^m->y^^A) i^zml. ut-^c^Mmmx-mMmmMinoztx-Mmc^Mm 
fi-^^f#T, mm. mmmf.^-^mi o nzmmmi-^mmhm^mm<^m:^^^--,iii-t l 
zzx\ mmmt^mmi^. >^^'ffitimimx$>'>xi>^mmxh'yxhx\>\ 

[00 15] 

a 1 4 izmmimm^it^ i o o com^mi^^. mi4it. ^-Tn^t^^^mv^fz t co 
xh^. jMfix-^i±s^i^D^tii^?-^ftja¥S2ootcT, rnKtmih^^^ma-r^. 
Ji5:tc^'-^W^gff2 0 1 izx 2-3coB:if e*rffl«5^a^^4¥-^2 04. 20 6 t-(y^v 

-rs2 0 5lZj:'yXn-^^t^tiifm'§\J , Yl, Y 2 ?rajS]-r-g. , P-;!^ ■ U T 

/KP/S) ^}a#g2 0 2(-T-3Sc7)^^-^|it LTtti^^So Zc^m. Oi*^^ f-y h^ij 

[00 16] 

04tC^ilfl||l 0 1-1-10 1 -MtCT^i)|§fx/i^lMft-^cO«3gS:^^, Mj|i|c^#^ 
Mt-^JiT^-^'fS-^D- l-D-Mt5Ei§WtCffA§iX^SS»«^P- l-P-M*-<^^ 

6, r— ^fi-^D- 1— D-M{±. mm^'—i^i>zj:'3Xi^ii>fi6m^x\ m.mr'—^i^zi 

-yXmtth. Mifi-^P-l-P-MfJ, ^-Xr-J^X-mibi^tLfzmmcrim^X'. 

^mmxM I Mommm i o s , atx^p:^ loe-i— loe -m(ct«pois<?)#h5 
m^-t Lxm^^^ti^o 

[00 17] 

117 tc. miaii*^f^iJ?^»gP 1 0 9 i7)tljfta:^^-r, ^lifi-tD - 1 ~D -M ( P - 1 -P 

-M) i±Mxummmim*-^mi^^iri>mmm\ ea] i:ss:§ix. Lm^mmm^ 
■^ryr-i-bmt^t^x'^mm^D-i-^D-M (p-i— p-m) tov^-csfcit^f 
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XLtd. .r<7)fea. D-l—D-M (P-1— P-M) *iSftMt:'*itT'#=3r<^:-r>T 

:^WMizinf^w.mmf\ [A] {i. mm^n^MimmA c=iog2( det( 

I + (Ps/Pn) (HA) (HA) "h)) ^MJ^-it-t 6 ^ 0 l>Zt hCOtmt L 

^\ zzT. det oimn^. Psimm(^mmm^<7i^i^m:n. Pnit^i^^mm. 

c^m±'it-r^fziibcr,'ifmA^^i6^mm'jifmtLxi,i. s (ai j ) ~ 2 
( i = 1 -^L , j = 1 -^M ) ^-^mt~tmmco'px\ -mm^^^^m^mmmmco 

ft:A:-ft;T;^3'UXA2:fflV»aHj:V\ E (Ai j ) ' 2^—^mt'r^(r)li. jMft«SjSr 

t/s, fejtmf^ijHtc-^v^T. fiii-c-#swfg*ii-^/c<#^^fL:&v^*i-&{i. la] 

[0018] 

HStCffJieM I MOffiisItll 0 8(7)l)f^S:^t- o Nffl^SflTyx-M 04-1 — 1 04 
-Nd^^jCOgftfg-^R- 1— R-NfcNXMCOffiggfT?lJ [B] Sr^L. MMOM I MO 

BfrlBia4 t^S^Lita^Pft^P - l ~P -M;«|iiIii>ilf^(±-rcoBt*niOft-^t^S^< 
jfi<^^j:3t= [B] ^^^WfiV^. ^<:^^:*fc{±. ll^^^^tc j;SiJ«^S/Ml: 
-f-^MMSE (M i n i mum Mean Square E r r o r ) TfV-^^J XM,^ 

[00 19] 

m 1 5 tcmrieifig^fs-^^i:^ 107 commi^^-t. mmm 106-1-106 - uxm 
m^rifz^mLfz—m<:ommi. i^^jriv ■ ^^9u>u ( s/p) ^m^2 1 2tcTu' , 

Yl' , Y2' t^^^SiS^l. ^-4^fI-f-||2 0 3tCTfI^3yia^^(t, ffi-f-ISSU' ' ^ 
ai^J-rSo ic7)|^. «-^2 0 7, 2 0 9fc>f y^y->'^'2 0 8, 2 1 1.7-'^y^U 

-vs-2 1 O^^DJILfflV^/i^DjgLfa^t^iOSfitfiO:^)-'!^^^!^. M«fiJcoa«lf# 

^f-^-fblffTM y^- y-^'MaA^^tL-r ifriBi^y ■ ^-^^ujp ( s/p ) 

[0020] 

^Tv-i rvf-r^z^ h^w^mh^mx)5ti^'^x-% . hi 414 G^mt^fd-zr^A v v 

Z(hi.'ji-£^-^M. mz\L~2^y^~^y7'cnmmmt^h.'^^<ts:hfz>h. 
Wipm%ifii\i:<'^j:'^X<h, II|l4'T'c=0jSffl'-K^>'b*i:*jIiM#Sii:^ii: 

[0021] 

m3\>zi^mmmz.<nmmm:^^-f . wmm^\m\ 0 1 . wawm-m\ 0 

9. 3lfiT>-T":M 03-1 — 103-L. ^flTyx-^l 04-1 — 104-N. MI 
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37 r 1 1 0 iz^t htLfz^mmi. i!'-L-roi!!Aaisti.^^ 111-1-111-2 

T^i)tl§il'l>, ^COlg. QAM ( Qu a d r a t u r e Amplitude Modu 

1 at i on) ^j:k:co^m^mij^i,zi.'yxmmi::'-yhimmi>z^m-thztimtL\^^ 
. ^N'-y7T 1 1 0 3&-/bcoM^ait»#. Rv^m^mmt^mmx OAE^^mtrnm^tth 

tTmK>mLxno. smrnxu, mi Mofifjitii 0 s^^^.t^ai^'im-f- (g^i^•y-i^v^ 
) i/zML. ^tL^iimmmi^^m^i 1 1 - 1--1 1 1 -ui^zMjibifzmm^i 1 2-1 

— 11 2-MtTfIIS^JttA-.y7r 1 1 SlzmiX^m-th, vs-y7r 1 1 3{±. — W# 

im{i(D^m^^TLx\^^^<x'L{}^^L^mimti^mm^fihmiz^mmmmimm.^ 
^ih.rzW:K)mtii^-^im^^xm^imK ^^^mm&Mzm^-th. i^'9^<iEMtSfi 

X^ fz^t ^mm-t^ ^"^yyrl IS^i^UTL. i^<0^^imiiL<OW.^izmt ^ o 

^m^ti6:bK i^o^tntsi i4i^^iEm^z^mx^fzztcoMm^hht. ^mm^^-t 

[0022] 

m9^zrs^yyT 1 1 O^fflfiSM^^K^o if-^^ttsl 1 OA^^.aj^l^ixSemif-^'ftWicT) 
m^m^T}<ux^±mi 2 0t,zX'>X%^^ii.fzT}<i^xi,zn\\ 1 

2 Hzjiiii^sasn^o -u. m^s^ttifzwmm. a^^mtTKi^x^tii 2 2 

/p) ssmni 2 3tj;-^TM^Htsti. Btria^iiiii 11-1-111 -u^zWi^^n 
zzx. -i^^imm<^^m^^^xmK)^'yxi>. ^mmt-^hJEm^mtmm^ 

tL^\>-^^-^. mz^^V 1 2 lcf»t#W§tLTV>Sff-^!S^BJStt^ajLTS05rt3-r„ 
[0023] 

laStClBfri^iffl^l 11-1 — 111 -MCOmi^'&^-t, ±3?)>^64QAM, 1 6QA 

M, QPSKOi&f^^S^LTV^S., 6 4QAMT-{i: (b 0, b 1 , b 5 ) c7)6b i 
t^— Si:A6i;LT6 4a'9<50b-v biJOlfi^'^i^-y:?: I , Qa«¥®±'7)6 4.t5ic-v'v b° 

y^'txmtiiE^ I + j Q (^iigi^^'-n'^i-) Srff !> « mmiz i 6 qamxi± ( b o , b i 

, b2, b3)04bitSrl 6AliZ^ QPSKtii (bO, b 1 ) <7)2b i t^4;^C^C 
[0024] 

meizmm^l l 2-1 — 1 1 2-MCOKl-f^S^-r. El6Ti±l eQAMCOJ^COUf^S: 
^LTV^|>>^)i. ffiC0^ill:^r5t:(CfcV^Ti>|5l«T'*|>, (bO, bl. b2. b3)c?54 
b i tcofllllJSS^ftStcS)/:^^. H^. E:ftO;^T-^^^Sffft-f-^ 

b o = oic^jCG-t-i.^iiii-f-*, b 0 = uc>prjtE-r§'^iift-f-*60 3-^5^-5 ti^jfit,^ 

ft^^^imSKL. «ftft-§-.^. («fti-y*>l') ;&>^>c7)Sglli^'!-;ft^-n}IISt, LOO 

, L 0 1 ft^ . icOjg* J; D - b 0 coSmrS^^ffit LTL00"2-L01"2* 

aisj-r.i.>ihT-a^^^T5« b i-b3tcov^-rtiBi«-r-S)§o 

[0025] 

H 1 0 ^^ffliE^^'>y 7 r 1 1 3 <r>mm^^^-r. mWm^ 112-1-112 -Mtoaii 
mmt. f^^VJV ■ i-VTfU ( P/S ) ^iS§^l 2 4(CT-3lt?)fIiift^?'JtC^m§ixS 

„ «*ji;^^rb'p;3^^^lli 2 5tcj;-:>-r^*stLf^rKP'Xt:it^v\ ifxi^-c-t: 

SftLfc|Sl-<7)?$-^iit3ji^-r-g.ai)lft-f-*;'<^»J l 2 636-^>M«^aiL. jDff^l 2 7tT 

wMy^y]y)i- ■ v-ur/P ( P/s ) ^}i§li 2 4:^-A,m:^3Six/"c-3i^oflPlfi-t?iJtJii»: 
SS^^U 1 2 etcgi.ji.fLS. U 1 2 6tc«i.^>^xfdMilSlgll{i. —^^mt 

1 2 8t:S!-5-C^^U 1 2 6*»f>i%^^tiiSa. jlfiS&a-^-ftHl 0 7l:iIDtiiSn.S» ^ 
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[0026] 

fcv^-cti. ti". -n^^m&cD^^^t^n^K wm^i:±j^-ti 000) . ^x^zmm 
m'omL^m^^^yh^^^mn^i izmMt-t^ ( 3 0 1 ) . stc, mmmc^^mi,z 
mtx^mmi 1 1-1-1 1 1 -MTnd^m:fT^^mm-i> 002) , niiiB(7)is 

fi5D>t/-i^fi^fLTV^^v^1f^iS£7)-g|5J^iiLTjIft^S (30 3) . SfiWi^'^iE^S 

3 0 2izmK)mKi(Dm^mcomm^mifi>, tztzv. n^scow^miommt/^^TLtzm 

itM^LT (30 6) i^^-m^mmLxioKh. ^mmxn. ^iHz^Ai-h. 
t-r. -i^^imi^L(rm^mizMm-t6^mimcDitm^^\)T-t6 ( 3 1 0 ) . mz^ 
mm*)mLmm^^^yh^6^mn^ nzwmit-t^h (311), Mtc imuc^^m 
izmtxmsmi 12-1—1 i2-Mx-nom.mij^i^ib:^^ij^im^-rt (3 
12) . m'^tifznm^<^-^^imL. mm^^<^itm^:ititx'(D^mim^zj:^± 
^k-^f^-ti- (313, 314), ^rLtxizmmLtzm^^m^-^x . ^^ima-^m^ 

lEmizm^X^X^^-^^^miUL 015) , fl^T'STV>ixKfim**tii^J (318) 

L, mmmi,zfz\,^LxiEm^m^mm 019) l. si otm^o iist^m^-c-STv^ 

^rv^i; §(i{i:Sti^fifi-^c^ai)lI&M(tl> (316, 317), ^mU^^mM 

H 1 3 t'^-f- i 0 itL^ T-icw^ig^ }i<^um.)mLtiMzX'-^x^mu^^'ik'&-t 
h^Lh ijts-t u\ mi 3 i^zi^^x 5 ^mm^nd :itx\ mmxuhh*K if'-^rv^^^-t 

c^shvjmv^^t^mm-rh.., m-^x. misiz^.-tfm^zi.-^x. gM^o^iatcjEt 

[0027] 

s»wt:^-ft,L, $s*^tT, mi^<r)Mmr^4yh^mmi<zmm^fifz:Lti,z^j:h. fz 

. ^m%c^)-m^m'ofzcr)^x'm^t-m)}'tK\mmmzmhKfz^^m<^)%M:m-^^^^^ 

xm-^mm. ^i^xm^ii^fmLfz^^u±. mnm^znmm^^^^ii^'^fz^tizy'j: 
--H. 'mi^m^\z-^\~^x\±m-ommmhnm{zmm-fh^himt.vv^,, -tt^h 

zmt. mi 3iz^Lfz^m^mm<^m^wx.mmtmm-r^^. m^wtmm. 

^m^im^:i&T^^i^fzi^<^M^mmimcommi±^ < -ttii^^ ^\ 

[0028] 

:^?tm^zj:tiii., zixtx(^mi^mm Lfzfmmmy^^j^<^'r-s'imjf^^zit'<^x 
. mmm.mmmm^±m^z^mLfzi'-^imij^^mmx'i ^ . ttz. mim<^mm^ 
^mizM Lx h'^mu^. mmmtmw^zmm^ titz^'~^m.m-jj^tmmx^ t . 
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[0029] 

[01 ] mmmmmmb'-^ xfj^mmrm^mLtim. 

[05 ] :^^mizi5n?^^m^mMi^^^-tm. 
[06 ] ^mmiziiifi.mm^comir&7ik^m. 
[07 ] *^tit;*5it-g.a»wij?sffgEioii)f^^s^i-0» 
[08 ] :^^m<.ziiifi>M I Mofxi)g^^«jft^^-r0« 
[09 ] ^wmm~<^mmmc^mm§iU'^-y yrcommm. 

[010] *^BJcr)|g-£7)^i|fi^joSfHMip <-yyr comfmL 
[011] *^BjcoSS-tfO^ifim3imW»ft:7n-0, 

[01 2] ^^mcom^commm(^'smmmi'pyxj-m. 

[013] *f6BJ!coffi-iD^Mf^Ji^^ii^flS(?)$iJfflll^J, 
[014] *%BJ^Dffl«iiS»^^t^O«B5cM, 

[01 5^ :^wnc^mmms.^^mcr>m!Sim. 

[01 6] f^^^XxAiOj^S^f*flJfflS**^^-r0, 

[017] T^y-'r yn-"^ rvT-^fJOffiRg;!?!] ( m^M 1 ) « 

[0 1 8 ] M I Moztj^coM'xmmcomm^i (§mm2 ) . 
1 0 0 iifis^w-^^ks 

101-1— lOl-M, 1 1 1 - 1— 1 1 1 -M mM^ 

109 i«*rT^ij?mgE 

1 0 3- l-"! 0 3-L, M mMTyri- 

104-1 — 104-N ^mryr-i- 

10 8 MI MOapfl 

106-1 — 106-M, 112-1 — 112-M ffiHII 

10 7 mmmm^tm 

110 ys-y:7r (iHflfl) 

113 ^s--y7r (SfiffliJ) 

114 laomiff 

115 /^'>y7r . 
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[113] 



[H4] 



,109 



r r rf r-^ ! 103-1 




108 112-1 113 



104-2 



104-N 



— * |gLli8^ :::::: \ . 



107 



















E>-1 1 












P-2 




0-2 












1 — ' 


















T 




vy 
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[115] 



(b0,bl,b2,b3,b4,b5) 



^QAM 



e o ^ o 



© Q « o 
» 0 « e 

« « * 4> 



e » « 



& e 9 « 

e o o « 

a o a « 

9 o « « 



16QAM 



<W),bi) 



QPSK 



[06] 



(b0.blJb2,M) 




Qi 




a e 

(0.0,1,0) (o.oa.l) 










*\ « i 




s so 
to I 


b0<^):tgE=LCK)2-L0l2 


\ 










(1,1,1,0) • IJJ.l) 


Q \ O 1 

(l,L:0;t) ihW) 


(L,0,LO) (1,0,1.1) 


\ 





(0,0.0, 
V (0,0,0,0) 



I L50 



< 1,0,0,1) <t, 0,0,0) 



[117] 



[H9] 



T-J 
T-3 



[US] 



1^7 

^ M_ 

An Ai2- Aim 

All A22 A2M 



Ai.iAl2 Ai.M 




110 



120 



121 



123 



122 



S/P 



D'.2 



D'-M 



Bil Bi2 Bin 

B2) BZ2 -• B2N 



SmiBM2 BNiN 



R-i 




R2 




i 
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[1112] 



318""^ 



m^2 

i 



l3ll 



j£llfiiJ:'J3£«(^3Kf^ [313 



314 




316 



317 



[H13] 



11113 



64QAM 


I6QAM 


QPSK 


< ^ 


^ 1^ 


























► 
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[iai4] 



[015] 



200 



^14 



204 



205 



mmmmm 

206 
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ABSTRACT 



This invention provides a mobile communication system 
which expanded the operation Hmitation of the heretofore 
adopted mobile communication systems and improved the 
spectrum efficiency greatly. A data transmission method for 
use in the mobile communication system of the present 
invention includes means for channel pluralizing by which 
to expand the Shannon limit and means for interference 
reduction by which to expand the interference limit. More 
specifically, a transmitting module comprises M units of 
modulators and L units of transmitting antennas, generates L 
units of signals by multiplying M units of modulated signals 
by a complex matrix consisting of MxL units of elements, 
and transmits the L units of signals from the L units of 
transmitting antennas. 
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DATA TRANSMISSION METHOD FOR A MOBILE 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a data transmission 
method in a mobile communication system. 

[0003] 2. Description of Related Art 

[0004] Since an Advanced Mobile Phone Service (AMPS) 
was started in the United States at the beginning of 1980s, 
and since an automobile telephone service was started in 
major cities of Japan, the number of cellular mobile users 
has so far multiplied dramatically. Accordingly, mobile 
communication systems were required to have a large capac- 
ity enough to accommodate a great number of users and 
analog cellular services using a large -capacity backbone 
network were launched in 1988. These analog cellular 
services are called the first generation (IG). Thereafter, 
digital cellular mobile telephone services based on Time 
Division Multiple Access (TDMA), positioned as the second 
generation, were started in the early 1990s. In Europe, a 
Global System for Mobile Communications (GSM) was 
started in 1991. In Japan, a Personal Digital Cellular (PDC) 
service was started in 1993. In the United States, a Digital 
AMPS (D-AMPS) (IS-54) was launched in 1993. These 2G 
systems led to the current prosperity of mobile communi- 
cations. Somewhat later, an IS- 95 (cdmaOne) system which 
adopted Code Division Multiple Access (CDMA) was put 
into practical use, and the IS -95 service was launched in 
South Korea and the United States in 1996 and also in Japan 
in 1998. Some calls the IS-95 based systems the second and 
a half generation (2.5 G) to differentiate them from the 
second generation (2G) TDMA systems. In October, 2001, 
a W-CDMA service, which is a system of IMT-2000, posi- 
tioned as the third generation (3G), was launched in Japan. 

[0005] Active efforts toward the next generation mobile 
communications, the fourth generation mobile communica- 
tions (4G) are also being made and a goal of realizing mobile 
communications in a 100 Mbps cellular environment has 
come to be recognized widely. The communication rate of 
100 Mbps is about 100 times as faster as the IMT-2000 and 
it is an important challenge how to achieve such a high 
transmission rate in as narrow a frequency band as possible 
in order to make effective use of finite resources of radio 
frequencies. 

[0006] Spectrum efficiency, the term which will be used 
hereinafter, is defined as follows. Through the use of total bit 
rate R per ceU (or sector if the system is divided into sectors) 
and system frequency bandwidth W which is used in 
expanding service area on to surface, a ratio of R/W is 
referred to as the spectrum efficiency. If a 1-Hz frequency 
band is assigned to a mobile communication system, this 
spectrum efficiency corresponds to a maximum bit rate 
allowed for a user who occupies one cell or sector. Enhanc- 
ing the RAV ratio means enhancing the maximum bit rate 
that the system can provide to users. 

[0007] When viewing the above mobile communication 
systems which have heretofore been adopted by a measure 
of the spectrum efficiency, it will be understood that the 
spectrum efficiency RAV has been improved more as the 
generation advances, as is shown in FIG. 16. Also, it is 



indicated here that the spectrum efficiency improvement so 
far made to the mobile communication systems has a close 
relation to reduction in Eb/No required for the mobile 
communication systems. Eb denotes energy required to 
transmit one bit of data to be communicated and No denotes 
noise power density in the frequency band. It is reasonable 
that the reduction in the required Eb/No was achieved 
mainly by the following technologies: digitizing for 2G, 
CDMA and Viterbi code adopted for 2.5G, and Turbo code 
adopted for 3G. 

[0008] Further spectrum efficiency improvement is 
expected for 4G to be made by new technologies which have 
not been utilized positively in the 3G and earlier mobile 
communication systems. One of such technologies is utiliz- 
ing adaptive array antennas. A signal transmission method 
using the adaptive array antennas is depicted in FIG. 17. At 
the transmitting end, data to transmit is channel encoded 100 
and modulated 100 and the modulated transmit signal is 
multiplied by M units of complex weight factors, and 
thereby transmit beams are generated (102). The beams are 
transmitted firom M units of transmitting antennas (103-1 
through 103-M). Each factor by which the transmit signal is 
multiplied during the beam forming 102 and the positions of 
the transmitting antennas (103-1 through 103-M) determine 
the pointing directions of the transmit beams. By controlling 
the pointing directions, the transmit beams can be config- 
ured to make radio beam emission power strongest in the 
direction toward the target receiver. At the receiving end, 
signals received by N units of receiving antennas (104-1 
through 104-N) which are arranged in an array are multi- 
plied by complex weight factors and added and combined 
(105). Each factor by which the received signals are multi- 
plied during the beam forming 105 and the positions of the 
receiving antennas (104-1 through 104-N) determine the 
pointing directions of receiving beams. By controlling the 
pointing directions, the receiving beams can be configured 
to make radio beam receiving power strongest in the direc- 
tion from the particular transmitter and relatively suppress 
radio beam receiving power in other directions. Thereby, the 
desired radio beam is made strong against interference 
beams. 

[0009] Another one of the above-mentioned new tech- 
nologies is utilizing Multiple-Input Multiple -Output 
(MIMO) propagation channels. A signal transmission/recep- 
tion method using the MIMO channels is depicted in FIG. 
18. Data to transmit is channel encoded 100 into M units of 
difterent signals which are then respectively modulated by 
modulators (101-1 through 101-M) and transmitted from a 
plurality of transmitting antennas (103-1 through 103-M) 
which are arranged in an array. The M units of transmit 
signals are mixed complexly through the propagation chan- 
nels and come to the receiving end. At the receiving end, 
signals received by N units of receiving antennas (104-1 
through 104-N) which are arranged in an array are multi- 
plied by a complex matrix of M rows by N columns (108), 
and thereby M units of signals are obtained. By configuring 
the complex matrix such that the signals mixed through the 
above propagation channels are separated each other, the 
signals corresponding to the signals modulated by the modu- 
lators 101-1 through 101-M can be output from the MIMO 
receiver 108. Then, the M units of signals are respectively 
demodulated by demodulators 106-1 through 106-M and 
decoded by a channel decoder 107, and thereby received 
data is obtained. In the above-described method, the M units 
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of different signals can be transmitted in parallel on the 
channels of the same radio frequency and communication 
with a high spectrum efficiency is considered achievable. 

[0010] However, in fact, spectrum efficiency improvement 
to a great degree cannot be expected by applying the 
above-discussed technologies to mobile communication. 
There is a theoretical limitation to the spectrum efficiency, 
which is called a Shannon limit. As is shown in FIG. 1, the 
spectrum efficiency achieved by the third generation 
W-CDMA system comes near to the Shannon limit. For 
further spectrum efficiency improvement, the operation 
point must be moved such that Eb/No increases with 
increase in R/W in the graph of FIG. 1. However, because 
of the presence of interference from other cells and sectors 
in mobile communication environment, there is a limitation 
by interference (an interference limit curve shown in FIG. 
1) in addition to the Shannon limit. It is indicated that the 
W-CDMA has achieved the spectrum efficiency near to the 
maximum spectrum efficiency within the limitation of 
mobile communication system operation defined by both the 
Shannon limit and the interference limit. In order to achieve 
further spectrum efficiency improvement, technology for 
expanding these limits is necessary. 

[0011] Application of the foregoing array antennas can 
make the desired radio beam strong against the interference 
beams and, therefore, this can make the level of the inter- 
ference limit up. Accordingly, the system operation limita- 
tion is expanded. However, as indicated by the Shannon 
limit curve shown in FIG. 1, R/W sharply rises when Eb/No 
increases up to 10 dB, but its rise becomes a little as Eb/No 
further increases from 10 dB to 40 dB. This indicates that 
powerfixl action for reducing interference is required to 
make a great improvement to the spectrum efficiency by the 
adaptive array antennas. 

[0012] On the other hand, the foregoing MIMO channels 
enable configuring a plurality of channels (channel plural- 
izing) and, therefore, this can expand the Shannon limit of 
the previous systems using a single channel in the R/W up 
direction in the graph of FIG. 1. Thus, the effect of improve- 
ment to the spectrum efficiency appears to be great. How- 
ever, because there is also the foregoing interference limit in 
mobile communication environment, the system operation 
available range defined by both the interference limit and the 
Shannon limit is not improved much after all even if the 
Shannon limit is expanded and the mobile communication 
system cannot take advantage of the effect using the MIMO 
channels. 

SUMMARY OF THE INVENTION 

[0013] It is therefore a first object of the present invention 
to provide a mobile communication system which expands 
the foregoing system operation limitation effectively and 
improves the spectrum efficiency greatly. A second object of 
the present invention is to control the operation point 
represented by the R/W vs. Eb/No curve in the graph of FIG. 
1 appropriately by tracking propagation channels which 
change in real time as mobile terminals move. 

[0014] The present invention can provide a data transmis- 
sion method by which the spectrum efficiency was greatly 
improved as compared with the data transmission methods 
carried out in mobile communication systems through the 
application of the previous technologies. Also, the invention 



can provide a data transmission method in which modulation 
modes and transmission rates are controlled appropriately 

for dynamic change of propagation channels. 

[0015] In order to solve the above-described problems, a 
data transmission method for use in a mobile communica- 
tion system of the present invention includes means for 
channel pluralizing by which to expand the above-men- 
tioned Shannon limit and means for interference reduction 
by which to expand the above-mentioned interference limit. 
More specifically, a transmitting module at the transmitting 
end comprises M units of modulators and L units of trans- 
mitting antennas, generates L units of signals by multiplying 
M units of modulated signals by a complex matrix consist- 
ing of MxL units of elements, and transmits the L units of 
signals from the L units of transmitting antennas. 

[0016] In order to achieve the foregoing second object of 
the present invention, the transmitting module comprises a 
channel encoding means, a buffer means, M units of modu- 
lation means, and L units of transmitting antennas, stores a 
code word encoded by the channel encoding means into the 
buffer means, serially reads part of the code word from the 
buffer means until a receiving acknowledge signal has been 
returned from the receiving end, modulates the part of the 
code word by the above M units of modulation means, 
generates L units of signals by multiplying M units of 
modulated signals by the complex matrix consisting of MxL 
units of elements, and transmits the L units of signals from 
the L units of transmitting antennas. A receiving module at 
the receiving end comprises N units of receiving antennas, 
M units of demodulation means, buffer means, and a channel 
decoding means, each time receiving part of a code word, 
serially stores the part of the code word into the buffer, 
sequentially executes channel decoding of the received 
signals thus stored, and returns the receiving acknowledge 
signal to the transmitting end when the signals are decoded 
normally. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a graph representing spectrum efficiency 
and system operation limitation; 

[0018] FIG. 2 is a diagram showing the configurations of 
transmitting and receiving modules in a mobile communi- 
cation system according to a preferred Embodiment 1 of the 
present invention; 

[0019] FIG. 3 is a diagram showing the configurations of 
transmitting and receiving modules in a mobile communi- 
cation system according to a preferred Embodiment 2 of the 
present invention; 

[0020] FIG. 4 shows a modulated signal format example 
in the present invention; 

[0021] FIG. 5 is a diagram to explain the operation of 

modulators in the present invention; 

[0022] FIG. 6 is a diagram to explain the operation of 
demodulators in the present invention; 

[0023] FIG. 7 is a diagram to explain the operation of a 
complex matrix operation unit in the present invention; 

[0024] FIG. 8 is a diagram to explain the operation of a 
MIMO receiver in the present invention; 
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[0025] FIG. 9 shows a configuration example of a buffer 
at the transmitting end according to Embodiment 2 of the 

present invention; 

[0026] FIG. 10 shows a configuration example of a buffer 
at the receiving end according to Embodiment 2 of the 
present invention; 

[0027] FIG. 11 is a flowchart of operation flow at the 

transmitting end in Embodiment 2 of the present invention; 

[0028] FIG. 12 is a flowchart of operation flow at the 
receiving end in Embodiment 2 of the present invention; 

[0029] FIG. 13 shows an example of control for the 
number of modulation levels in Embodiment 2 of the present 
invention; 

[0030] FIG. 14 shows a channel encoder configuration 
example in the present invention; 

[0031] FIG. 15 shows a channel decoder configuration 

example in the present invention; 

[0032] FIG. 16 is a graph of spectrum efficiency by the 
heretofore adopted mobfle communication systems; 

[0033] FIG. 17 shows configuration examples of trans- 
mitting and receiving modules using adaptive array antennas 
(prior art example 1); and 

[0034] FIG. 18 shows configuration examples of trans- 
mitting and receiving modules using MIMO channels (prior 
art example 2). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] FIG. 2 shows the configurations of transmitting 
and receiving modules in a mobfle communication system 
according to a preferred Embodiment 1 of the present 
invention. A transmit signal is channel encoded by a channel 
encoder 100 and serial-paraUel converted into M units of 
signals. These M units of signals are modulated by modu- 
lators 101-1 through 101-M into M units of complex modu- 
lated signals (modulated symbols). The modulators 101-1 
through 101-M may perform multilevel modulation if appro- 
priate. In view of reduced circuitry scale, it may also be 
preferable to configure the transmitting module such that a 
serial-parallel converter which is present at the output of the 
channel encoder in this embodiment is moved to the post 
stage of a single modulator. The single modulator modulates 
transmit signals serially into M units of complex modulated 
signals (modulated symbols) and the serial modulated sig- 
nals are serial-parallel converted into signals to be supplied 
to a complex matrix operation unit which will be described 
later. These M units of complex modulated signals (modu- 
lated symbols) are multiplied by a complex matrix consist- 
ing of MxL units of complex factors in the complex matrix 
operation unit 109 and thereby L units of complex signals 
are obtained. The L units of complex signals are transmitted 
by L units of transmitting antennas 103-1 through 103-L. At 
this time, the M-units of modulated signals are beam formed 
in the complex matrix operation unit 109 so that the L units 
of signals multiplied with different complex weight factors 
are transmitted in paraUel from the L-units of transmitting 
antennas. At the receiving end, N units of signals received 
through N units of receiving antennas 104-1 through 104-N 
are multipHed by a complex matrix consisting of NxM units 



of complex factors in a MIMO receiver 108 and thereby M 
units of complex signals (received symbols) are obtained. 
The M units of complex signals (received symbols) are 
respectively demodulated by demodulators 106-1 through 
106-M into M units of demodulated signals. The M units of 
demodulated signals are input to a channel decoder 107, 
channel decoded, and output as received data. In view of 
reduced circuitry scale, it may also be preferable to config- 
ure the receiving module such that the above M units of 
complex signals (received symbols) are demodulated seri- 
ally by a single modulator into M units of demodulated 
signals which are in turn serially supplied to the above 
channel decoder 107. Here, either of the transmitting end 
and the receiving end may be either a base station or a 
mobile station. 

[0036] FIG. 14 shows a configuration example of the 
above channel encoder 100. The channel encoder shown in 
FIG. 14 uses turbo encoding. First, means for adding error 
detection code 200 adds error detection code to data to 
transmit. Then, the data to transmit is input to a turbo 
encoder 201 in which two recursive systematic convolu- 
tional encoders 204 and 206 and an interleaver 205 encode 
the data into code words U, Yl, and Y2 which are output 
from the turbo encoder. Moreover, a parallel-serial (P/S) 
converter 202 converts the code words into serial code 
words which are in turn output. At this time, it is desirable 
to perform interleaving the output bit sequences at the same 
time. 

[0037] FIG. 4 shows the structures of the signals modu- 
lated by the modulators 101-1 through 101-M. The M units 
of modulated signals each contain data signals D-1 through 
D-M and reference signals P-1 through P-M which are 
inserted at given intervals. The data signals D-1 through 
D-M are generated by the data to transmit and change, 
according to the data to transmit. On the other hand, the 
reference signals P-1 through P-M are known signals deter- 
mined by the system and used by the MIMO receiver 108 
and demodulators 106-1 through 106-M at the receiving end 
as reference signals for demodulation. 

[0038] FIG. 7 explains the operation of the above com- 
plex matrix operation unit 109. The modulated signals D-1 
through D-M (P-1 through P-M) are multiplied by the 
complex matrix [A] which consists of MxL units of complex 
factors and thereby L units of complex signals T-1 through 
T-L are obtained. For this operation, the complex matrix [A] 
must be obtained. If the modulated signals D-1 through D-M 
(P-1 through P-M) are separately beam formed in the same 
concept as for adaptive array antennas, the vectors of the 
columns in the resultant matrix [A] have a same value. As 
a result, it becomes impossible to separate D-1 through D-M 
(P-1 through P-M) at the receiving end. Thus, the conven- 
tional beam forming concept cannot be applied to obtaining 
the matrix [A]. It is desirable to determine the complex 
matrix [A] in the present invention so as to maximize 
channel capacity to be achieved C=log 2 (det (I+(Ps/Pn) 
(HS) (HA) ''h)). Here, det ( ) denotes determinant, Ps 
denotes average power for the Munits of transmit signals, Pn 
denotes average received noise power, I denotes identity 
matrix, and ( ) "^h denotes complex conjugate transposition 
of the matrix. H can be expressed with a complex matrix of 
LxN units which is a propagation matrix between the L units 
of transmitting antennas and the N units of receiving anten- 
nas. As a concrete method of obtaining the matrix A for 
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maximizing C, a commonly used maximizing algorithm 
with a nonlinear function of several variables should be 
used, constrained by that 2 (Aij)'^2 (i=l to L, j=l to M) be 
a constant value. 2 (Aij)'^2 is to be constant because the 
transmitting power must be set constant. To obtain the 
matrix H which is information about the MIMO propagation 
channels, the most conceivable way is posting results of 
observing the channels at the receiving end to the transmit- 
ting end. However, if bidirectional communication channels 
exist, one for transmission and the other for reception, it is 
also possible to derive the propagation channels matrix H by 
observing the signals in the backward direction. If no 
reliable information about the propagation channels matrix 
H can be obtained, it is possible to generate the matrix [A] 
randomly. In this case, the beam forming effect of the 
adaptive array antennas cannot be obtained, but only the 
effect of transmitting diversity is obtained. 

[0039] FIG. 8 explains the operation of the above MIMO 
receiver 108. The received signals R-1 through R-N from the 
N units of receiving antennas 104-1 through 104-N are 

multiplied by the NxM complex matrix [B] and thereby M 
units of signals D'-l through D'-M output from the MIMO 
receiver are obtained. Here, the complex matrix [B] is 
constituted to separate the M units of modulated signals 
which were mixed together in the complex matrix operation 
unit at the sending end and through the propagation chan- 
nels. Specifically, the matrix [B] should be determined to 
match as closely as possible with the known signals which 
must have been transmitted as the reference signals P-1 
through P-M shown in the above FIG. 4. To do this, a 
Minimum Mean Square Error (MMSE) algorithm which 
minimizes the noise and interference effects should be 
applied. 

[0040] FIG. 15 shows a configuration example of the 
above channel decoder 107. A series of received signals 
demodulated by the demodulators 106-1 through 106-M is 
separated into U', Yl', and Y2' by a serial-parallel (S/P) 
converter 212 and the U', Yl', and Y2' signals are decoded 
by a turbo decoder 203 and decoded results U" are output. 
As the signals are decoded by repeated decoding through a 
series of decoders 207, 209, interleavers 208, 211, and a 
deinterleaver 210, receiving errors involved in the signals 
are corrected. If the channel encoder at the sending end 
performs interleaving of output bit sequences, the above 
serial-parallel (S/P) converter 212 also performs corre- 
sponding de interleaving. 

[0041] The mobile communication system according to 
the above -described Embodiment 1 of the invention can take 
advantage of both the channel pluralizing effect by using the 
MIMO channels and the interference reduction effect by 
using the adaptive array antennas and provides the data 
transmission method for mobile communication in which 
the spectrum efficiency was improved greatly as indicated 
by a "4G" point indicated in FIG. 1. However, according to 
the conditions of the propagation channels, the operation at 
the target point level is not always achieved. For example, 
if the vectors of the rows in the propagation channels matrix 
H of the MIMO propagation channels comes to have stron- 
ger interrelations and the parallellity of the channels, in other 
words, the number of parallel channels decreases, then 
components are weighted on the vectors of some of the 
columns in the matrix A and the channel pluralizing effect is 
reduced. In such cases, conversely, the beam forming effect 



becomes easy to obtain and, consequently, the interference 
reduction effect becomes greater. It is therefore desirable to 
shift the operation point in FIG. 1 to the right, that is, to 
increase Eb/No. This can be accomplished by increasing the 
number of modulation levels and/or decreasing the redun- 
dancy by increasing the encoding rate. 

[0042] Next, FIG. 3 shows the configurations of transmit- 
ting and receiving modules in a mobile communication 
system according to a preferred Embodiment 2 of the 
present invention. The channel encoder 100, complex matrix 
operation unit 109, transmitting antennas 103-1 through 
103-L, receiving antennas 104-1 through 104-N, MIMO 
receiver 108, and channel decoder 107 operate the same as 
described in Embodiment 1. In Embodiment 2, a channel 
encoded code word is temporarily stored into a buffer 110. 
The code word bits stored in the buffer 100 are read 
sequentially and modulated by modulators 111-1 through 
111-M. For modulation, it is desirable to modulate a plural- 
ity of bits simultaneously by multilevel modulation such as 
Quadrature Amplitude Modulation (QAM). Reading the 
code word bits from the buffer 110 and modulating them are 
repeated until a receiving acknowledge signal has been 
returned from the receiving end. At the receiving end, 
signals (received symbols) output from the MIMO receiver 
108 are respectively demodulated by demodulators 112-1 
through 112-M corresponding to the modulators 111-1 
through 111-M at the transmitting end and demodulated 
signals are sequentially stored into a buffer 113. The buffer 
113 outputs the received signals stored therein which are a 
part of an encoding unit to the channel decoder 107 even 
before the reception of the encoding unit is complete, and 
decoding is tried. An error detector 114 checks the decoded 
results, using the error detection code which was added at 
the transmitting end and notifies the transmitting end of the 
result of the check. When it is detected that the signals in one 
coding unit have been received correctly without errors, the 
buffer 113 is cleared and becomes ready for the next coding 
unit. A buffer 15 stores the decoded signals which are 
sequentially overwritten with the signals decoded by the 
channel decoder 107 and output them as received signals 
when it is notified of correct reception from the error 
detector 114. 

[0043] FIG. 9 shows a configuration example of the buffer 
110. Code words in one unit of encoding output from the 
encoder 100 are sequentially written into the memory 121, 
according to address generated by a write address generator 
120. On the other hand, the written code words are sequen- 
tially read from the memory, according to address generated 
by a read address generator 122, parallelized by a serial- 
parallel (S/P) converter 123, and supplied to the above 
modulators 111-1 through 111-M. If a receiving acknowl- 
edge signal is not returned firom the receiving end after 
whole of code word of coding unit has been sent to the 
modulators, then the code word stored in the memory 121 is 
read again and re -sent to the modulators. At this time, it is 
desirable to change the sequence of the addresses generated 
by the read address generator 122. Thereby, signal quality 
difference per bit of the code word can be equaHzed. 

[0044] FIG. 5 explains the operation of the above modu- 
lators 111-1 through 111-M. The top matrix is 64 QAM 
mapping, the middle one is 16 QAM mapping, and the 
bottom one is QPSK mapping. In the 64 QAM mapping, for 
a set of six bits (bO, bl, . . . , b5), 64 bit combinations are 



us 2004/0174840 Al 



5 



Sep. 9, 2004 



mapped onto 64 points on the IQ complex plane and output 
signal I+jQ (modulated symbol) is obtained. Similarly, in the 
16 QAM mapping, mapping four bits (bO, bl, b2, b3) onto 
16 points is performed. In the QPSK mapping, mapping two 
bits (bO, bl) onto four points is performed. 

[0045] FIG. 6 explains the operation of the demodulators 
112-1 through 112 -M. FIG. 6 explains a principle of how a 
16 QAM modulated signal is demodulated and the same 
principle applies to other modulation schemes. Four bits (bO, 
bl, b2, b3) are demodulated as follows. For bO, among 
modulated signal points with bO=0, a point nearest to a 
received signal point (received symbol) marked with a 
square point in the figure is selected and its distance LOO 
from the received signal point is measured. Similarly, among 
modulated signal points with bO=l, a point nearest to the 
received signal point is selected and its distance LOl from 
the received signal point is measured. From these results, 
L00^2-L01'^2 is output as likelihood of received signal bO 
and bO is demodulated. For bl to b3, the same operation is 
performed. 

[0046] FIG. 10 shows a configuration example of the 
above buffer 113. The signals demodulated by the above 
demodulators 112-1 through 112-M are converted into a 
sequence of the demodulated signals by a parallel-serial 
(P/S) converter 124. Meanwhile, the demodulated signals of 
the same code word received so far are read from the 
memory 126, according to address generated by a write 
address generator 125, added to the sequence of the demodu- 
lated signals output from the above parallel-serial (P/S) 
converter 124 in an adder 127, and stored again into the 
memory 126. The demodulated signals stored in the memory 
126 which are a part of an encoding unit are read from the 
memory 126, according to a read address generator 126, and 
sent to the channel decoder 107, even before the reception 
of the encoding unit is complete. When the error detector 
114 detects that the code word has been decoded without 
errors and supplies a decoding complete signal to the buffer, 
the memory 126 and the write address generator 125 are 
initialized and become ready for receiving the next code 
word. As a matter of course, the write address generator 125 
and the read address generator 128 shown in FIG. 10 must 
have inverse relation to the write address generator 120 and 
the read address generator 122 shown in the above FIG. 9. 

[0047] The operation flow at the transmitting end in 
Embodiment 2 is explained in FIG. 11 and the operation 
flow at the receiving end is explained in FIG. 12. At the 
transmitting end, the first step is encoding data in one unit 
of encoding and generating a code word (300). Then, a 
transmission count variable n is initialized to 1 (301). A 
modulation mode to be performed by the modulators 111-1 
through 111-M is determined, according to the channel 
conditions (302). Part of the cord word which has not yet 
been transmitted n times is modulated and transmitted (303). 
If an acknowledge signal is returned from the receiving end, 
the procedure returns to step 300 and the next code word is 
generated. If not, the procedure returns to step 302 and the 
remaining part of the code word is transmitted. When the 
transmission of the code word has been completed for the 
nth time, the variable n is incremented by one (306) and the 
code word is transmitted again. At the receiving end, in 
advance of receiving, the first step is clearing the likelihood 
of received signals corresponding to a code word in one 
coding unit (310). Then, a reception count variable n is 



initialized to 1 (311). A modulation mode which corresponds 
to a demodulation mode to be performed by the demodula- 
tors 112-1 through 112-M is determined, according to the 
channel conditions (312). Part of a code word received is 

demodulated and the likelihood of the demodulated signal is 
combined with the likelihood calculated for so far received 
signal (313, 314). Using the so far demodulated signals, it is 
judged whether the data in the whole of coding unit have 
been decoded correctly (315). If the data in the whole of 
coding unit have been decoded, the decoded data is output 
(318), the acknowledge signal is returned to the transmitting 
end (319), and the procedure returns to step 310. If the data 
in the whole of coding unit have not been decoded correctly, 
demodulation of received signals is continued (316, 317). 
Here, when determining a modulation mode, by referring to 
instantaneous channel quality, it would be reasonable to 
select a modulation mode with a great number of modulation 
levels if the quality is good; otherwise, select a modulation 
mode with a small number of modulation levels if the quality 
is poor. More simply, as is show in FIG. 13, it may also be 
preferable to determine a modulation mode according to 
how much part of the code word or amount of code word has 
been transmitted so far. Based on the principle according to 
FIG. 13, modulation levels can be controlled simply. If 
transmission is completed with small parts of code word, 
then it would be equivalent to achieving the transmission 
with a high number of modulation levels on average. The 
equivalent number of modulation levels actually decreases 
as the portions of code word transmitted increases. That 
transmission is completed with small portions of code word 
means propagation channel quality is good. If the transmis- 
sion of greater portions of code word is needed, it means 
propagation channel quality is poor. Modulation level con- 
trol based on the principle according to FIG. 13 can be 
expected to produce the effect equivalent to modulation 
mode change control according to propagation channel 
conditions. 

[0048] According to Embodiment 2, time required to 
transmit one unit of encoding automatically changes, 
according to propagation channel conditions, and, as a 
result, the operation point indicated in FIG. 1 would have 
been controlled appropriately. However, if the number of 
parallel transmission channels as the MIMO propagation 
channels decreases, it is desirable to increase the number of 
modulation levels and the encoding rate as is the case for 
Embodiment 1. In the present embodiment 2, the transmis- 
sion of a code word continues until the receiving end 
acknowledges the code word reception and, consequently, 
the encoding rate is controlled appropriately. For instance, if 
decoding of only part of a code word transmitted is suc- 
cessful, redundant code word transmission is avoided and 
the encoding rate is high. For instance, if code word decod- 
ing is successful only after repeated transmission of the code 
word, the encoding rate is low. Meanwhile, it is desirable to 
control the number of modulation levels in the same manner 
as in Embodiment 1. Specifically, if the number of parallel 
transmission channels as the MIMO propagation channels 
decreases, it is desirable to increase the number of modu- 
lation levels. This is, in effect, equal to controlling a thresh- 
old in changing modulation mode if in use with modulation 
level control according to FIG. 13. If the number of parallel 
transmission channels as the MIMO propagation channels 
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decreases, the threshold in the number of code words to be 
transmitted should be set high so as to reduce the number of 
modulation levels. 

What is claimed is: 

1. A mobile communication system comprising a trans- 
mitting station and a receiving station, said transmitting 
station comprising: 

a plurality of modulators; 

an encoder which encodes data to transmit into a code 
word, separates the code word into a plurality of 
signals, and outputs the plurality of signals to said 
plurality of modulators; 

an operation unit which performs beam forming of trans- 
mit signals modulated by said plurality of modulators 
in order to transmit the transmit signals from a plurality 
of antennas; and 

a plurality of antennas, said receiving station comprising: 

a plurality of antennas which respectively receive the 
signals transmitted from said plurality of antennas of 

said transmitting station; 

a MIMO receiver which separates said pluraHty of signals 
from the signals input from said plurality of antennas; 

a plurality of demodulators which demodulate the plural- 
ity of signals output from said MIMO receiver; and 

a decoder which decodes said pluraHty of demodulated 
signals. 

2. The mobile communication system according to claim 

1, wherein: 

said transmitting station has M units of said modulators 
and L units of said antennas; 

said operation unit multiples M units of signals input from 
said modulators by a complex matrix consisting of 
MxL units of elements; and 

said complex matrix is settled, according to conditions of 
propagation channels between the plurality of antennas 
of said transmitting station and the plurality of antennas 
of said receiving station. 

3. The mobile communication system according to claim 
1, wherein an encoding rate of said encoder is fixed, accord- 
ing to conditions of the propagation channels between the 
plurality of antennas of said transmitting station and the 
plurality of antennas of said receiving station. 

4. The mobile communication system according to claim 
1, wherein said modulators perform multilevel modulation. 

5. The mobile communication system according to claim 
4, wherein: 

said transmitting station includes a first buffer to store said 
code word; 

said first buffer divides said code word into bits and 
sequentially outputs the bits to said plurality of modu- 
lators; 

in response to a receiving acknowledge signal transmitted 
from the receiving station, said first buffer outputs to 
said modulators are stopped and said code word stored 
is cleared from the buffer; 



said encoder outputs a code word following said cleared 
code word to said first buffer; and 

said receiving acknowledge signal indicates that received 
signals in a complete unit of encoding have been 
decoded normally on said receiving station. 

6. The mobile communication system according to claim 

4, wherein: 

the number of levels of modulation to be performed by 
said modulators is controlled, according to parallellity 
of MIMO propagation channels between the plurality 
of antennas of said transmitting station and the plurality 
of antennas of said receiving station. 

7. The mobile communication system according to claim 

5, wherein: 

said receiving station includes a second buffer to store 
outputs of said plurality of demodulators, a third buffer 
to store outputs of said decoder, and an error detector; 

said decoder sequentially reads signals stored in said 
second buffer, decodes the signals, and output the 

decoded results; 

said error detector judges whether the signals in the 
complete unit of encoding have been decoded normally 
from said decoded results; 

if the signals in the complete unit of encoding have been 
decoded normally, said error detector sends said receiv- 
ing acknowledge signal to said transmitting station; and 

said third buffer outputs the decoded results stored 
therein. 

8. The mobile communication system according to claim 

5, wherein: 

said plurality of modulators reduces the number of modu- 
lation levels of said multilevel modulation, if the num- 
ber of code word bits output from said first buffer or the 
number of symbols modulated by said plurality of 
modulators for each code word exceeds a predeter- 
mined criterion value. 

9. The mobile communication system according to claim 
8, wherein: 

said predetermined criterion value is changed, according 
to circumstances of the propagation channels between 
the plurality of antennas of said transmitting station and 
the plurality of antennas of said receiving station. 

10. A transmitting station with a plurality of antennas 
which transmits data on a plurality of transmission channels 
to a receiving station with a plurality of antennas, said 
transmitting station comprising: 

a plurality of modulators; 

an encoder which encodes data to transmit into a code 
word, separates the code word into a plurality of 
signals, and outputs the plurality of signals to said 
plurality of modulators; 

an operation unit which executes arithmetic operation for 
giving pointing directions of transmit beams to a plu- 
rality of transmit signals modulated by said plurality of 
modulators; and 

the plurality of antennas from which signals output from 
said operation unit are transmitted to said receiving 
station. 
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11. The transmitting station according to claim 10, 
wherein: 

said transmitting station has M imits of said modulators 
and L units of said antennas; 

said operation unit multiples M units of signals input from 
said modulators by a complex matrix consisting of 
MxL units of elements; and 

said complex matrix is settled, according to conditions of 
propagation channels between the plurality of antennas 
of said transmitting station and the plurality of antennas 
of said receiving station. 

12. The transmitting station according to claim 10, 
wherein an encoding rate of said encoder is fixed, according 
to conditions of the propagation channels between the 
plurality of antennas of said transmitting station and the 
plurality of antennas of said receiving station. 

13. The transmitting station according to claim 10, 
wherein: 

said transmitting station includes a buffer to store the code 
word output from said encoder; 

said buffer divides said code word into bits and sequen- 
tially outputs the bits to said plurality of modulators; 

in response to a receiving acknowledge signal transmitted 
from the receiving station, said buffer outputs to said 
modulators are stopped and said code word stored is 
cleared from the buffer; 

said encoder outputs a code word following said cleared 
code word to said buffer; and 

said receiving acknowledge signal indicates that received 
signals in a complete unit of encoding have been 
decoded normally on said receiving station. 

14. The transmitting station according to claim 10, 
wherein: 

said plurality of modulators perform multilevel modula- 
tion; and 

the number of levels of the multilevel modulation is 
determined, according to parallellity of the propagation 
channels between the plurality of antennas of said 
transmitting station and the plurality of antennas of said 
receiving station. 

15. The transmitting station according to claim 13, 
wherein: 

said plurality of modulators perform multilevel modula- 
tion; and 

the number of levels of the multilevel modulation is 
reduced, if the number of code word bits output from 
said buffer or the number of symbols modulated by said 
pluraHty of modulators for each code word exceeds a 
predetermined criterion value. 



16. A data transmission method for use in a transmitting 
station with a plurality of antennas which transmits data on 
a plurality of transmission channels to a receiving station 
with a plurality of antennas, said data transmission method 

comprising: 

encoding data to transmit into a code word; 

separating said code word into a plurality of signals; 

modulating the plurality of signals by modulators; 

executing arithmetic operation for giving pointing direc- 
tions of transmit beams to said plurality of modulated 
signals when being simultaneously transmitted from 
said plurality of antennas; and 

transmitting signals obtained from said arithmetic opera- 
tion from said plurality of antennas. 

17. The data transmission method according to claim 16, 
wherein: 

said transmitting station has M units of said modulators 

and L units of said antennas; 

said arithmetic operation is a procedure of multiplying M 
units of signals input from said modulators by a com- 
plex matrix consisting of MxL units of elements; and 

said complex matrix is settled, according to conditions of 
propagation channels between the plurality of antennas 
of said transmitting station and the plurality of antennas 
of said receiving station. 

18. The data transmission method according to claim 16, 
wherein: 

an encoding rate of said encoder is fixed, according to 
conditions of the propagation channels between the 
plurality of antennas of said transmitting station and the 
plurality of antennas of said receiving station. 

19. The data transmission method according to claim 16, 
wherein: 

in response to a receiving acknowledge signal received 
from said receiving station, code word modulation in 
process is stopped and modulation of a code word 
following the code word starts; and 

said receiving acknowledge signal indicates that received 
signals in a complete unit of encoding have been 
decoded normally on said receiving station. 

20. The data transmission method according to claim 16, 
wherein: 

said modulation is multilevel modulation; and 

the number of levels of the multilevel modulation is 
determined, according to parallellity of the propagation 
channels between the pluraHty of antennas of said 
transmitting station and the plurality of antennas of said 
receiving station. 



